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INTRO DUC.TION 


Pathology treats of the origiTi, natures course, iin«l 
causes of those chanj^es in the body which constitute 
disease; Morhid Anatomy or Morhiil Jliafohiyy, the 
actual alterations in tlie tissues which the disease? has 
produced. The former is therefore comparable with Phy- 
siology, the latter with the Histology of the normal 
tissues. 

By disease is understood some deviation from the state 
of health ; a deviation consisting for the most part in an 
alteration in the functions, properties, or structure of some 
tissue or organ, owing to which its office in the economy 
is no longer performed in accordance with the normal 
standard. 

Diseases are commonly divided into two classes — 
organic and functional, Iffie former comjjrise all tho»se 
which arc attended by structural change ; the latter those 
in which no such change is discoverable. Whether it be 
possible for the function of an organ or tissue to be ab- 
normally performed quite irrespective of any alteration in 
its stnicture admits of some doubt. At all events, as ou» 
methods of minute investigation improve, and our know- 
ledge of morbid histology increases, the class ef func- 
tional diseases grows less; and although there still 
remain a large number of diseases in which we are unable 
to /ecognise any alteration of structure, and which must 
therefore still be described as functional, it is probable 
that all disease will ultimately be found to be attended 
by more or less material change. 


B 



^ ^ INTEODUCTION. 

IS itself merely a relative term and implies 
o Jehmte ,,erfprmauco of the precedes of life, so d^ease 
.s equally mdehmte ; .t cannot be separatedfrom health 
by any well-dehneJ ^boundary, the one passkq by in- 
sensibTe gradations into the other. ^ 

Disease is tlms, in most cases, an abnormal performance 
ot Diose procossce wh,ich constitute life, and a kuowledcre 

»cce.,sarily precede the 
study of patRology. , J.de comprises the formation and 
maintenanco of the tissues and the exhibition of their 
c lions hinctions Such formation and maintenanco, 
which may be included under the general term of iVnfri- 
Uon, consist in the contiimoiis supiily of new material 
the separation of this from the blood and its appropria- 
tioii by the tissues, together with the removalof the pro- 

J thelit'of Tr"'" f manifestation 
of the hie of the part, as distinct from its growth and 

0 mainteuauce of its structure; in the secreting cell, 

.0 misting in the alteration of the substances abstracted 
iiom the blood to tulfil some special purpose in the 
economy; i„ nerve, in tlie transmis.sioii of impulses of 
o ion cin seiiftjation, &c. a’lie perforinance of function 
s obvimisly dcpoiuieiit upc n the state of nutritioii , When 
both ot those arc normal the condition is one of IM 
wJioii abnornial one of disease, * 

As m health the nutrition is principally dependent 
upon the solid tissues.tbe.se abstracting, appro piSn^ 

"'•“Cb is snpiJied to them by 
.which play the more important part, and alterations in. 

proL.sX! 

The supply and composition of the blood must obviously 
at the same time constitute most important factors in 
d.sease. Owing to the intimate relation which subsists 
between he blood and the solid tissues, any alferaiiont 
the supp y or composition of the former must exercise 
more or less influence upon the nutritive processes In . 
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regarding the blood, however, as an element in, 4he 
causation of diseasefit must be borne iii»inind that this 
fluid is in a State of constant dependeijpe upon other parts ; 
its compcfnent clenients arc derived J^roni externhl ^sources 
and undergo continual cliangetand although possibly under 
certain circumstances it may become altered by virtue of 
changes in the nutritive activity*o1i itsbeliular elements, 
alterations in its constitution mu^t in most cases result 
cither from some change in the j>ro(jcss of its formation, as 
from the ingestion of impiwper or iiisuilicient food, mal- 
assimilation, or disease of the lymphatic structures ; 
from changes in the secretory or excretory processes ; 
or from the introduction of foreign substances, derived 
from extraneous sources. Whilst, therefore, alterations 
in the composition of the blood may be important agents 
in the production of diseased pi*occsses in other tissues, 
such alterations arc in most cases secondary to some 
abnormality in its formation or depuration, or to its con- 
tamination by substances derived from without. Owing 
to the facility with which it becomes tlic recipient of 
foreign substances, it is often the first tissue to become 
altered, and it not infrequently constitutes the principal 
seat of the diseased pi’ocess. This is tfie case, for examj)Je, 
iu many of those diseases which owe their origin to 
the introduction of minute organisms, as the contagious 
fevers. 

I'he blood may also play an important part in disease 
owing to its white corpuscles passing through the walls 
of the blood-vessels into the surrounding tissues. This 
occurs in the process of inflammation, and probably also 
in the development of many of the new formations. ^ 

Lastly, the influence of the nervous system «nust be 
taken into account in considering abnormal conditions of 
nutrition and function. This, by regulating the circulation 
and supply of blood, mu;3t to a certain extent control 
tissue-change. The results of experimental and clinical 
observation render it exceedingly probable that {pany 
nerves also contain fibres vvh,|^h exercise a direct infinence 
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iilHin nuifttion, independently of that which is due to 
their vaso-nioto» filanicnts. In support of this view may 
be adduced the well-known ob*servations of ^tjudwig and 
Ileideujialn on the iijlluence of the chorda tymfjani upon 
the secretion of tlic submaxillary gland, which prove that 
the increased sccretj on which results from the stimulation 
of this nerve ^is Muo-to an increased activity of the se- 
creting clejuents of tbe gland and not to changes in the 
]>lood-vesse]s. Uccentr histological researches, also, which 
are tending to show that ncWc-fibres terminate in the 
ultimate elements of nearly all tissues, and the lact that 
rapid atrophy of muscles follows lesions of certain j)ortions 
<jf the nervous <*.onti*cs and many injuries of the nerve- 
trunks, render it exceedingly probable that the mitvition 
oL luusclc aud glandular organs, if not of many other 
parts, is more or less under the direct influence ol the 
jiorvous system. 

The fird part of this work will be devoted exclusively to 
the consideration of morbid processes which are charac- 
terized mainly by alterations in nutrition ; the aecoud, 
to changes in the blood and circulation ; and the third, to 
the process of inflammation. In considering the several 
morbid ]u-ocessos, general pathology of each process 
will lirst be described, and subsequently the same process 
as it occurs in the diftbrent organs and tissues. 



CHAPTEtt I 

THE CELL. 

As the most important clement in nutrition, both in 
health and disease, is the activity ot“ the tissues thein- 
solves— the supply of nutritive material, altliough an 
essential, being merely a pasaive part of the process — it 
becotuoa necessary to consider, somewhat minutely, those 
parts of the tissiics in which this activity resides. 

Ever since Schwann discovered the cellular nature of 
animals, and established the analogy between animal and 
vegetable cells, there has been a gradually increasing 
conviction amongst physiologists, which has now become 
an universally accepted physiological and 2 >athologicaI 
doctrine, that the ecLl is the seat of nutrition and func- 
tion ; and further, that eacJt individual cell is itself an 
indei>cndent organism, endowed with those j^rojjerties, 
and callable of exhibiting those active changes which are 
characteristic of life. Every organised part of the body 
is either cellular or is derived from cells, and the cells 
themselves originate from pre-existing cells, and under ixi 
circumstances do they originate de novo. 

Whilst therefore the whole body is made up* of cells, 
or of substances derived from cells, and the cell is itself 
the ultimate mori)hological element which is capable of 
e3;hibitiilg manifestations of life, it must be borne in mind 
that in a complex organism, the phenomena of life are 
the result of the combined activity of innumerable ^ells, 
many of which possess distinct and peculiar functions, 
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an^ that by their combination they become endowed with 
new powers, aijd exhibit new force*, so that although 
each individual unit possessed an independent activity, 
it is in a <9tate of constant dependence upon others, with 
which il is more or loss intihiately associated. 

CoNSTiTUTroN OF ^Ckli^. — Wlioii the analogy was esta- 
blished between the ajiiftial and vegetable cell, the former 
was Ijpld to be constructed in all cases 
upon# the same principle as the latter, 
and to consist of a cdL-wall, enclosing a 
cavity, in which were contained a nucleus 
and fluid contents. (Fig. 1.) This was 
the idea of the cell held by Schwann and 
Kemak, and supported especially by Vir- 
chow, who maintained that these three 
constituents were essential to its vitality 
and existence. 

During recent years, however, this de- 
finition hiis been modified. The existence 
of a cell-wall was in many cases not evi- 
Cetfs/rom a mn- dent. In embryonic cells, in those of many 
cer. Showing c«U- rapidly growing new formations, and in 
iiiichn, and mi- i^he colls oPblood, pus, and mucus no limit- 
clijoli. Tlio nuclei iug membrane could be demonstrated, 
dividing. 

a now definition of the cell by 
Leydig and Max Schultze, who held that a little mass of 
matter enclosing a nucleus was all that was necessary for 
its constitution.' The latter of these physiologists not 
only rejected the cell- wall as an essential constituent, but 
a.stablishGd the identity of the mass of matter (cell- 
contents) with animal sarcode — a contractile substance 
existing dn the lower animals— and showed, that, like it, it 
was endowed with the power of spontaneous movement. 
This substance he called protoplasm. He further pointed 
out, that the existence of a distinct cell-wall was the 
result of a retrograde process taking place in the outer 
layei^ of the protoplasm, and that the latter was the real 
seat of the activity of the cell. These views closely 
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correspond with those held by Dr. Beale in ithis coun- 
try.* • 

The definftion of a cell has been still further modified 
by Bniclfe, Strieker, and others, who considen that the 
existence of a nucleus is not essential to its constitution. 
This opinion is principally based upon the fact, that in 
the cryptogamia, and in some of the lov^st animal forms, 
cells occur in which no nucleus is visible. * 

It would thus appear probable ^hat a dimple mass of 
protoplasm may, in some exceptional cases, be all that is 
necessary to constitute a cell — i.c., an elementary orga- 
nism, capable of exhibiting independently all the pheno- 
mena of life; but that the nucleus is an exceedingly 
constant and almost invariable constituent. The cell- 
wall is much less constant, and being the result of a 
retrograde change in the outer layers of the protoplasm, 
it must be regarded, in point of vitality, as inferior to the 
rest of the cell. 

Protoplastn itself is an unstable albuminoid compound, 
which is insoluble in water and coagulates at death. As 
usually met with, it is a homogeneous structureless 
material, of a soft and viscid consistence. In con- 
sistence, however, it is subject to valuations, being some- 
times perfectly fluid, at others more or less solid and 
gelatinous. In old cells it often becomes transformed, 
by the loss of water, into a more solid albuminoid 
substance — heratin. This occurs in the epidermis and 
nail. Protoplasm may also become gradually converted 
into other modifications of the protein group — into mucin, 
globulin, hmmogoblin, &c. The cell-wall, when it exists, 
is of much firmer consistence than the protoplasm, tn 
some cells the protoplasm constitutes but a small proper-* 
tion of the body of the cell, other substances, which are 
either the result of its metamorphosis, or have been taken 
up from without, being associated with it. Thus fat is 


Dr. Beale calls the protoplasm, germinal matter or bioplasm ; 
the cell-wall, /ormed • 
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met with jn the cells of adipose tissue, and of the liver. 
(Sle-Pig. 6.) Pigment, calcareous pj-rticles, pepsine, &c., 
are also met wiCh in cells. • • 

The micUus is iitoro constant both in size ^nd form 
than the cell. It is ftsnal]^ spherical or oval in shape, 
and often contains one or more minute round* or angular 
bodies, termed m^deolL% It offers a greater resistance to 
chemical reagAits tha^ tlie other constituents of the cell, 
and is also stained mofo deeply by carmine. 

The original form of the nucleus is vesicular. In the 
earliest cells of embryonic tissue it possesses a delicate 
membrane enclosing a nucleolus and Jluid contents, 
thus resembling in its structure the cell. Subsequently, 
however, it loses its vesicular character, and as usually 
met with it is a solid perfectly homogeneous, or faintly 
granular body, in which the nucleolus is still visible. 
The recognition of the nucleus is not always possible, 
owing to its presence being obscured by fat, pigment, or 
other substances contained within the cell. (See Pig. 28.) 
In some cells the nuclei gradually disappear. The coloured 
blood-cclls and the colls of the superficial layers of the 
epidermis arc examples of cells in which the original 
nucleus has bccome^lost. ]|^astly, it must be mentioned, 
that several nuclei may bo contained within the same 
cell. (Sec Pig. 2.) 

Physiology or Cj3Lls.— The cell, as already stated, is 
capable of absorbing and transforming matter, of excre- 
tion, and of growth. It is also endowed with the power of 
changing its form, of cohering with other cells, of under- 
going more or less active movement, and of reproduction. 
The nature of the processes which occur within cells 
‘^during these various manifestations of their vitality is, 
for the irlbst pait, involved in obscurity ; we know little 
more than what is supplied to them and what is excreted. 
The question now arises as to what part is played by the 
respective constituents of cells — whether the cell-wall, the 
body of the cell (protoplasm), and the nucleus have 
different offices. 
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The cell- wall, being the result of a retrogrcsaive chi\jige 
in the protoplasm,# cannot be regarded as taking any 
part in th(f life of the cell, the activity of which is much 
diminished by its existence, as is also its power of repro- 
ducing itself by simple divi8it)n. ft is in old celts that a 
cell- wall is* most frequently met with; in those newly 
formed it is entirely wanting. • ^ • 

Tho nucleus has usually been looked upon as the scat 
of the nutrition, as distinct from ^le speciYic functions of 
cells, and has been snppo|ed to play an important part 
in their multiplication and reproduction. The fact that 
when a ceil divides, the division usually commences in 
the nucleus, and only subsequently takes place in the 
rest of the cell, would appear to favour this view ; as 
would also tho great uniformity of the nucleus both in 
size and form, whatever be the functional nature of the 
cell. It must be borne in mind, however, that non- 
nuclcated cells may multiply, and that nucleated cells 
havQ been observed to divide, tho nucleus itself taking no 
part in the process. 

Whatever be the part played by the nucleus, there can 
be no doubt that the protoplasm is the most important 
factor of the cell, and it may iteolf be tlie only constituent. 
The spontaneous movements, alterations in form, and 
migratory powers characteristic of young cells, are due to 
tho protoplasm. Such movements are observed in the 
cells of the embryo, in lymphoid and young epithelial 
cells, in some of the cells of connective tissue, and in 
white blood and pus cells. 

The protoplasm, as already stated, may be the sole seat 
of the nutritive and formative power of the cell. It would 
appear, however, probable that it is more especjjally con-" 
cerned in the performance of function, and that the specific 
functional peculiarities of cells are dependent rather upon 
it than upon their other constituents. The volume and 
consistence of the protoplasm vary in different cells, and 
in the same 'cell, at different times and under different' 
circumstances. It is apparently capable of imbibing and 
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givjpg Tip % fluids, at the same time undergoing corre- 
sponding alterations in volume. TJihese considerations 
render it probable that it is thereat of the selective power 
of the celli* and of those other properties whiph represent 
its specific functions. • 

Genesis or Cells. — The proposition of Virchow, that 
every cell originates direcJfcly from a pre-existing cell,. forms 
the basis of the pathology of the present day. To Remak, 
however, mustijo ascrjfed the merit of having first esta- 
blished the cellular origin of the tissues. 

The multiplication of cells may take place in three ways 
-by simple division, by gemmation, and by endogenous 
growth. In the first two methods the cell breaks up into 
fragments; in the last, hew cells originate within the 
parent cell. The process is obviously associated with 
growth and increase of the protoplasm. 

The multiplication by simple division is the most fro- 


Fio. 2. 



A AfuUtnwleated Cell From the lung in a case 
of Chronic Phthisis. Showing the large number 
of nuclei with bright nucleoli, x 400, 

quent method. The cell divides and forms two cells, and 
each of these again divides and forms two more, and so 
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on. In nucleated cells the nucleus as a rule difides fifst. 
The nucleus, however, divide and ^multiply within 
the cell without any division of tlje cell taking place* 
If the inilblei multiply within the cqjl, and the jfrotoplasm 
coniinuousjy increase without subsequent division of the 
cell taking place, large, many-nucleatt»d, irregular-shaped 
masses of protoplasm are produced* The^e are the giant 
or myeloid cells, which are met ^^ith in the medulla of 
young bone, in some new formi'^tions, and in certain 
inflammatory growths. JiB^ig. 2.) ‘(See also “Myeloid 
Sarcoma,” Fig. 51 .) The existence of a dense cell-wall 
interferes with the process of multiplication by simple 
division. 

By endogenous multiplication is understood the de- 
velopment of cells within pre-existing cells. The multi- 
plication of the cells of qartilage, such as occurs in the 
growth of bone and in the process of inflammation, has 
boon adduced as an example of this modo of cell formation. 
Here, however, we have simply the division of the carti- 
lage cell within its capsule, and the process is precisely 
similar to multiplication by simple division (see Fig. 96, d). 
The mode of cell formation which must be regarded as 
strictly endogenous, is what ts now commonly, known as 
VacAwlatlon, This was described some time ago by 
Virchow in his “ Cellular Pathology and owing to the 
more recent researches of Klein and others, it now occu- 
pies an important place in the history of cell development. 
The process consists in the formation of a vacuole in the 
body of the cell. This vacuole may gradually increase in 
size until it occupies nearly the whole of the cell, being 
merely surrounded by a thin layer of protoplasm, in 
which may often be seen the displaced nucleus (Fig. 3, h). 
Within this vacuole one or more new elements are formed. 
These either originate from the nucleus of the cell, or they 
are produced from the protoplasm which forms the wall 
of the vacuole. In the latter case, according to Dr. Klein, 
buds grow out from the protoplasmic wall towarjjs the 
interior of the vacuole, and these becoming detached form 
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new cells,* A vacuolated cell with an endogenous brood 
is shown in the accompanying drawirf^ (fc^ig. for which 
I am indebted to tjic observer jnst quoted. It must, 
howeve^ be remembered, in forming any conclusion as to 
the origin of small cells wifhin a larger cell,, that there 
exists the possibility that those may have entered from 
without. 

Fio. .‘l. 



yi Vaiuohitni Cdi. a. Trotoplnsin of rt'll coiisli- 
luting wall of llu* v.iruoU*. h, lUs[>la(Tfl 
<. 'riio varuoh*. J)iop of lal. e. Emlogenous 
brood. (lvl(M«».) 

Tlie ondogenons mode of cell formation is not that by 
wLicli tissues regenerate themselves. Tins is usually 
effected by simple division. Elomenls which have an 
endogenous origin llavc conwnonly a destiny different from 
that of the parent cell. 

In multiplication by gemmation, a .small portion of the 
protoidasm projects from the cell and becomes detached 
by constriction at its base, thus forming a now cell. This 
is much less frequent than the two former processes.f 


* “.Tlic Analoiny of tho Lymphatic Syhtem,” vol. i. pp. 55-CO; 
ahd Klein on •* Knilothclinl vehicles of gniwiug blood- vc*6Pelh in the 
, embryo chuk.*’ “ Kitzimgsbericble der Wiener k. Academie d. Wis- 
sensi h ifr^n,” Part for March, 1871. 

L 'riio author wishes it to be dibtinotly innicrstood, that in the 
ccpiciit pages thi‘ term “ccW” is emidoyed to designate tho 
most elemental y faetor of the tissnes which is capable of exhibiting 
the phenomena c*haracteristic of nu iDd(*pc‘ndi*nt organism, quite 
irrespectively of tho existence of a cull-wall, or even of a nucleus*. 
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NUTRITION ARRRSTKIf. 

NECROSIS, 

The absolute and permanent arrest of nutrition in a pari 
constitutes necrosis, gangrene, or local death. 

Etiology. — Whatever interferes with the supply of 
nutritive material to a part, or destroys the activity of its 
cellular elements, may cause its death. 

A. T'hc supply of nutritive material may be interfered 
with by : — 

1. Ohdruction in the Aifenes.— This is a common cause 
of necrosis. The obstruction may be caused by a liga- 
ture, by compression of the vessel, by solution of its oon- 
tiniiity, by thrombosis or embolism, and by disease of 
the arterial coats. If the obstruction be com))leto and a 
collateral circulation cannot be establishetl, death of the 
l^art quickly ensues, 

2. Obstruct ion in the Gapillaries . — Obstruction here is 
often the result of pressure upon or stretching of the 
vessels, lliis may take place from the accumulation of 
inflammatory products, haemorrhage, or fium the pressure 
exercised by new growths. The resulting obstruction to 
the capillary circulation causes the death of the immi)- 
diately adjacent tissues. As examples of necrosis from 
this cause may be mentioned that of the siiperficial 
layers of the bone which so frequently results from 
periostitis, owing to tho compression of the capillaries 
between the bone and the periosteum ; also the sloughing 
of the skin over a quickly-growing abscess. 

Tho capillary circulation is also obstructed in conditions 
of complete stasis — i.e.f stoppage of the blood-stream with 
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coLgjilation of the blood. Such stasis, which occurs as the 
result of nccroois of the capillary i^ralls from whatever 
cause, will be considered in the chapters on Inflammation 
and Thrombosis. It will be sufficient to note hefc that its 
occurrence may 7iot only be a cause of tissue disorganisa- 
tion, but that necrotic processes by destroying the vitality 
of the capillary \'^allsfmay induce stasis. It is stasis thus 
produced which tends to prevent haemorrhage from 
gangrenous parts. * 

3. Obslrndwn in flie Obstruction to theretxirn 

of blood by the veins must bo so complete in order to 
arrest nutrition that it is in itself rarely a cause of 
necrosis. It is when associated 'with obstruction in 
the arteries that it constitutes an important agent in 
producing this result. This combination of venous and 
arterial obstruction is seen in a strangulated hernia, in 
the invagination of a portion of the intestine, in the 
constriction of a part by a tight bandage, and in contu- 
sions and lacerations of the soft parts in which both 
arteries and veins are injured or become strangulated by 
the tension of the tisues which subsequently ensues. 

4. Diminished Qardiac Power, — This is never inde- 
pendently a cause of neCrosis. In cases, however, of 
excessive general debility, or disease of the cardiac sub- 
stance, the consequent diminution in the contractile 
power of the heart materially aids the foregoing causes 
in producing a fatal blood-stasis. The arrest of the cir- 
culation in “ senile gangrene,” and that which so often 
occurs in the tissues of the back in adynamic fevers and 
ia chronic exhausting diseases, is in part the result of 

, diminished cardiac power. This arrest in the last-named 
conditiffus, is nsudly determined by some injurious 
stimulation of the tissue — in other words, it is a part of 
an inflammatory process. 

5. Inflammation. — The effect of the inflammatory pro- 
cess is to impede or arrest the circulation, and to impair 
the vitality of the affected part, and the intensity of the 
process may bo so great as to permanently arrest the 
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circulation and cangc death (see “ Inflammatioif ’). Cer- 
tain indainmationB have a special tendency to terminate 
in necrosis •as diphtheria, •Carbuncle, and “ hospital {gan- 
grene.” •In those conditions the necrotic tendency is 
probably diu* to the prosen ce*of miimte organisms. In 
all cases, tile more imiiaired the nutrition of the part 
which becomes the scat of an ifttlammatory process, the 
itiore likely is this to cause its deatfi. 

B Dcstruc tion of the activity o^ the celfular elements 
ma;s be caused by : — ^ 

1 raamaiic ud Cli(^niical Agencies. — A part may be 
1 oinplctely disorganibcd and lose its vitality as the result 
• •i external violence. Many corrosive bubstancos also, as 
\ uls and caustic alkalies, destroy the life of colls. The 
v)f a tissue may thus have their vitality destroyed, 
ond the blood-vessels remain uninjured, or both cells and 
\ ■‘Asels may be involved. Putrid organic substances, as 


oul urine and secretions from wounds, may in the same 
\iy interfere with the life of cells, and cause their death. 
\ 'y mo-t ircqucntly do so, however, by inducing in the 
1 place .in mllammatory process ; but sometimes death 
•UM di octly, cjuito independently of inflammation. 


iii|UiinU'< intluonce of Bu«h liquids is ])robably duo^ 
'%j I lie pre‘>cnco in them of minute organisms (beptic 
bav <orja) 


5i. Abdormil The vitality of cells can 

.V be niruntairnd within certain limits of temperature; 
^r( me decrees of heat or cold cause their death. Here, 


id m the case of other injuries, the abnormal temperature 
^Itoii, bub liy no means always, causes in the first plai^ 
an liiflamni dory process. 

Having considered the several causes of ne^jrosis, it 
, Hst bo boine in mind that the process is often complex 
and due to the combioed infiucnco of two or more of 


them. T lo liability to necrosis will also depend greatly 
ff poivcr of flic tissues to resist necrotic influences, 
(’o editions which would lead to the death of a part in 
which the circulation was already impeded or the vSiality 
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o^he cellular elements impaired, would produce no such 
effect wliere sugli local weakness dick not obtain. This is 
well exemplified by the nccrosHi of the tissuesf of the back 
from pressure, which so often occurs in conditions of 
debility*; by the gangrene Sf the extremities which some- 
times results from the long continued ingestion of ergot ; 
and especially b}* senile ^^augrene. 

Senile Gangrene . — This is a form of necrosis which 
affects especiflilly the jower extremities of old people, and 
is the result of several of ^hose etiological conditions 
which have already been enumerated. 

The most important element in the production of senile 
gangrene consists in the occurrence of atheromatous or 
calcareous changes in the arteries of the limb, in conse- 
quence of which the circulation in it becomes impeded and 
its vitality impaired. This is evidenced by the coldness 
of the feet, the cramps, and the other abnormal sensa- 
tions which are so often experienced by the patient some 
time before tlie gangrene sets in. This tendency to local 
stagnation of the circulation is usually materially in- 
creased by the simultaneous atrophy or degeneration of 
the muscular substance of the heart itself. The combined 
effect of the dimihished a tergo and of the arterial 
degeneration may, in some cases, be alone sufficient to 
cause arrest of the circulation and the formation of 
thrombi in the vessels of the limb, and thus to cause 
gangrene. The supervention of the gangrene, however, 
is usually determined by some injurious stimulation of 
the tissue, as a slight abrasion of the foot, a bruise, injury 
to a corn, or excess of heat or cold, which sets up in- 
flammation in the already weakened part, and thus by 
still furfiher obstructing the circulation in it, and impair- 
ing its vitality, causes its death. 

Chaiuctehs of Dead Pabt. — The characters of the* 
dead part vary with its structure, its vascularity, the 
cause of the necrosis, the acuteness of the process, and 
the possibility of the access of atmospheric air. The 
more vascular the tissue, the softer its structure, and 
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the more it is exposed to the atmosphere, ftie more 
rapidly and compleliely docs it iinderj^o* decomposition. 
Bone, cartilage, and teudoifs, which are firm hard tissues, 
containing* comparatively but few yessels, undergo very 
little alteration in structure &nd form; whereas softer 
parts are much more rapidly and completely destroyed. 

In those cases in which the dead* pi).rt (^a]i|iins but little 
water, as when the necrotic process is associated with 
obstruction of the arteries and thuro is no interference 
with absorption by the vei»s and lymphatics, or when, 
owing to the destruction of the epidermis, there is great 
loss of water by evaporation, it may gradually dry up 
and become cemverted into a dark shrunken mass which 
undergoes but little further change. This constitutes 
dry gangrene or mummification. It often occurs in necrosis 


from embolism, in that induced by ergot of rye, and in 
l enile gangrene. 


I When, on the other hand, the part is moist, as whore 
phe necrosis is associated with venous obstruction, so that 
ihe return of hloo<l and absorption of Iluids is interfered 


with, the gradual drying up of the dead tissue rarely 
takes place. Under these circumstances, if the part be 


exposed to atmospheric influeifeos’, septic bacteria obtain 
an .entrance, and the moisture being favourable to their 
development, the dead tissue undergoes putrid decomposi- 
tion, such as occurs naturally in the body after death. 


In a limb, for example, the liquor sanguinis transudes 
from tho blood-vessels, and, evaporation being to a great 


extent hindered by the epidermis, the transuded and 


accumulated liquids often form large bulhe on the surfacej* 
As decomposition proceeds, gases are generated in the part 
— principally sulphuretted hydrogen, ammonia, nitrogen, 
^ nd carbonic acid. These give rise to the emphysematous 
prackling which is so often associated with the gan- 
j^renous process. The tissues at the same time undergo 
ya. process of softening or liquefaction, the limb becomes 
moeedingly offensive, and owing to alterations ^Ql^^he 
Hransuded haemoglobin, changes from a reddish colour to 
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a A)rownfth or greenish black. This form of necrosis is 
known as moid gangrene. It occurs only in external 
parts and in those internal organs to which the air is 
freely accessible, as t]ie lungs. When met with in other 
situations it is due to infection with septic mutter. 

In many cases ^he necrotic process is associated with 
fatty degene^-atton. « ^Tho dead tissue then presents 
somewhat different qjiaracters, often becoming caseous 
or lupiofylng. Thesft forms will be considered in the 
chapters devoted to this forra»of degeneration. 

T^he changes in certain tissues must now be considered 
more particularly.* Firstly, with regard to the blood: — 
This fluid undergoes the earliest and most rapid change. 
The hajraoglobin escapes from the red cori^iisclcs, partly 
by exudation, and partly by the destruction of the cor- 
puscles themselves, and dissolved in the liquor sanguinis 
permeates the surrounding tissues. The corpuscles are 
ultimately completely annihilated, nothing remaining but 
a few minute granules. I'he staining of the tissues with 
hiumoglobin is commonly known as post morlem stawing, 
and the appearances it presents are very characteristic. 
The lining membrane of the heart and blood-vessels, 
being in immediate contrfbt with the blood after death, 
are the parts principally affected. The staining is of a,n 
uniform pinkish-red colour, thus differing from the 
pnnetiform and stratiform redness of hyperaomia, from 
which it must be carefully distinguished. The amount 
of staining is in pi'oportion to the rapidity with which 
decomposition has taken place, and to the amount of 
•blood contained in the part at the time of death. 

In muscle the arrest of nutrition is accompanied by a 
state of rigidity, known as the Rigor Mortis, This is a 
peculiar condition of the muscles observed in almost al]^ 
bodies after death, in which they become firm and some-’i 
what shortened, as though in a state of chronic contrac- 
tion. It comes on as soon as the muscles have lost their 
irrjjability — i.e., their capability of responding to artificial 
stimulation; in other words, as soon as the nutritive 
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jbrocesses have completely ceased. The time of •ts 
■ippoarance will therft'ore depend upon the state of nutri- 
tion of Uie^muscles at tte time cjf death; the more 
[healthy a'Vid vigorous this is, the Ipnger it is before the 
nutritive processes completely cease, and corise(iuently 
the longer it is before the rigor mortis supervenes. The 
length of its duration and its intensity Hr^iii direct pro- 
portion to the lateness of its appes^rance. JLn people, for 
example, who are in perfect hcalthf and die suddenly, as 
from accident, the rigor mortis does not usually come on 
until from ten to twenty-four hours after death ; it is very 
marked, and often lasts two or three days. In those, on 
tlie other hand, who die from some exhausting disease, as 
Irom chronic phthisis or the adynamic fevers, in which 
the nutrition of the muscles becomes much impaired, the 
rigor mortis appears veiy soon, sometimes as early as ten 


minutes after death ; it is very slight and may pass off in 
Jess than an hour. It has been said that in cases of death 

I cm poisonijig by carbonic acid and sulphuretted hydro- 
in, from lightning, and from some of the severer forms 
ftho adynamic fevers, the rigor mortis is entirely absent. 
\ is doubtful, however, if this is the case, as the rigor 
Iprtis has probably escaped 1)bservation, owing to its 
lixly supervention and rapid disappearance. As soon as 
le rigor mortis has passed off decomposition of the 
uscular tissue commences. 

With re gard to the nature of the change — it was for- 
eriy supposed to be a spontaneous contraction, the last 
act of vitality on the part of the muscle. More recently, 
however, Kiihno and others have shown that it is really 
.owing to the coagulation of the albuminous substance of 
;the muscle — myosin. The myosin, fluid during life, 

^coagulates when nutrition has ceased, the coagulation 
Wng attended by the liberation of a free acid. Thus is 
produced the firmness, hardness, and opacity of the 
muscle, which disappear as soon as disintegration and 
pecomposition commence. The transverse striation o{[,the 
fibres ^en becomes indistinct, and gives place to irreg^ar 
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rof^s of granules and fat molecules, the muscle softens, 
its aarcolemma* is destroyed, a.nd uttimately nothing re- 
mains but a soft ^structureless debris. This change 
occurs ndt only in m\iscle, but in the cells of other tissues 
a similar coagulation of flic protoplasm takes place on 
the cessation of thp nutritive processes. 

Respecting ^thO chiyjges in other tissues : — Protoplasm 
generally not only coagulates but tends to become finely 
granular after death.' It sometimes increases in size so 
that the cells look swollen j* and in • nucleated cells thei 
nucleus often shrinks or entirely disappears. The cells ulti- . 
mately break up into molecules of various sizes. In adipose 
tissue, the cells diminish in size, owing to the escaj)© of 
the fluid fat which diffuses itself-throughout the surround- 
ing structures. The fibres of connective tissue swell up, 
become opaque, and ultimately liquefy. In nerve-fibres, 
the white substance of Schwann coagulates and collects 
into small drops (myelin) within the neurilemma. Carti- 
lage and bone resist the necrotising process longer than 
any of the tissues and are the least altered by it. 

Terminations. — I’he termination of the necrotic process 
varies. It may, after involving a greater or less extent of 
tissue, become arrested, arfd a “ line of demarcation” form 
between the dead and living parts — GWcumsmhed Gan- 
i}rene; or the process may continue to extend without any 
such attempt at recovery — Diffuse Gangrene. Whether 
the one or the other occurs will depend, in great measure, 
upon the presence or absence of any pre-existing local 
weakness either in the circulation or the tissues. Necrotic 
processes in a healthy individual tend to become circum- 
scribed, but when the circulation is enfeebled, or the 
vitality of the tissues impaired, as in the aged, they are 
liable to be diffuse. (See “ Senile Gangrene.'*) The presence 
of septic bacteria also tends to interfere with the arrest of 
a necrotic process. 

When the process becomes arrested, the dead tissue — 
the^ sphacelus or slough— acts as a foreign body, and ns 
such sets up inflammatory changes in the adjacent living 
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structures, and by this means it is ultimately remove^ 
becomes enc^psuled.® Tl^ tissues imftiediately sur- 
rounding the necrosed part are thus iji a state of inflam- 
mation, as* is evidenced in externaU structures T)y their 
swelled condition, red colour, and high temperature. As 
the necrotic process ceases, the dead I'ragment becomes 
limited by this line of inflamed tissue, \^hvh constitutes 
the “ line of demarcation” between the de^ and living 
parts. Along this line a process suppuration takes 
place, and by means of thfe the dead mass is gradually 
separated from the surrounding structures. The ultimate 
termination of the process depends principally upon the 
situation of the a fleeted part : — If this be superficial, the 
slough is thrown oflT, as in external parts, the intestines, 
the pharynx, &c., an ulcerated surface being left. If the 
dead mass is deeply seated, its removal becomes possible 
only by the extension of the necrotising process to the 
surface, as is exemplified by the spontaneous removal of 
necrosed bone through fistulous openings in the soft parts. 

In other cases the inflammatory process which takes 
place in the tissues surrounding the dead part is less 
intense, and the foiination of pus is less abundant and 
is soon followed by that of vasSularised connective tissue, 
a layer of which is ultimately formed around the necrosed 
mass, by which it becomes cncapsuled. This occurs 
especially in internal parts. Examples of it are furnished 
by foreign bodies, hmmorrbagic infarcts, accumulated 
epithelial products, portions of necrosed bone, and a 
fintuB in the abdominal cavity, all of which may thus 
become surrounded by a layer of connective tissue. Th» 
part when thus encapsulcd is usually rendered inert and 
no longer acts as an irritant to the tissues in which it lies ; 
it undergoes a gradual process of absorption and drying 
up, and often becomes calcified. 
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NUTRITION •IMPAIRED. 

It has been seen in the preceding chapter that the abso- 
lute arrest of nutrition is followed by the complete cessa- 
tion of all manifestations of vitality and function, con- 
stituting necrosis or local death. Those conditions must 
now be considered in which the interference with nutri- 
tion, for the most part, falls short of absolute arrest, and 
in which, although vitality is impaired, death is only an 
occasional sequence. Such conditions are comprised 
under ‘‘Atrophy,” and “ Degeneration.” 

A'yiOPUY. 

Atrophy is a diminution in the amount of a tissue, 
owing either to diminution in the size, or diminution in 
the mi7nher, of the histological elements of which it is 
composed. It is attended by loss of weight, and impair- 
ment of function. When the elements are diminished in 
size only, it is called Simple Atrophy \ when the number 
ifi diminished, it is called Numerical Atrophy* These 
two varieties are often associated, being different stages 
of the s§me process. 

Simple diminution in the size of the elements of a 
tissue is the most common condition met with in atrophy. 
It is well exemplified by what takes place in ordinary 
emaciation, in which the fat gradually disappears from 
the ^ subcutaneous adipose tissue. Adipose tissue is 
merely common connective tissue, many cells of which 
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are distended with fat. When a person emaciates, IJie 
fat is gradually removed from the cell^ so that they 
diminish in size, and the fht which completely , filled the 
cell may be reduced to a few isolated ^rops : tlia cell-wall 
and nucleus at the same tinte often become distinctly 
visible (Fig. *4). Here there is no destruction of the cells, 
no diminution in their number, but simply the removal 
of some of their contents. As the fat is removed from 
the cells it is usually partially i;fplaced*by a serous 
lluid. A multiplication of tl^ nucleus is also often observed. 

Fio. 4. 


// A 



Adipose tmm, A. Normal. B. Afrophic, from a case of 
])hthisis. a. A single fat-cell, with cell-waJl, nucleus, and 
drop of fat. x 300, (Virchow^ 

This diminution in the size of the elements may take 
place in any tissue. The cells of all glandular organs 
may thus become atrophied, and so produce a diminution 
in the size of the whole organ. Muscular tissue in the 
same way atrophies by the diminution in the size of its 
primitive fasciculi ; and here also, as in adipose tissue, the 
process appears often to bo associated with a multiplica- 
tion of the nuclei of the muscle. In all these cases tfie 
elements remain almost unchanged, and hence all that^ 
is necessary for the restitution of the tissue is an increase 
in their nutritive activity, and, the assimilation of more 
material. 

A diminution in the number of elements — numerical 
atrophy — is often an advanced stage of the more simple 
process. The elements not only diminish in size, bufhomc 
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of tliein dictually perish tand cease to exist as vital agents. 
Thirf destruction of histological elemmts which occurs both 
in atrophy and in some formS of degeneration has lieen 
called by .Virchow ifecrohioais. In it, restitution is only 
possible by the procluctidh of new elements, whereas 
in sinijde atrophy repair can be effected without new for- 
mation. In certain ti^ucs, as the spleen, lymphatic 
glands, and slc?n, atrophy is probably always due mainly 
to numerical Ibss. ^ 

Atrophy may be ^ewemZ-yaffecting to a greater or 
less extent all the organs and tissues of the body, or it 
may be partial and limited to particular parts. General 
atrophy affects in the first place the subcutaneous adipose 
tissue, then the adipose tissue in other situations, as that 
surrounding the viscera and in the omentum, then the 
muscles and glandular organs, and lastly the* nervous and 
osseons structures. * 

Although atrophy in its strict signification consists 
simply in a diminution in the size or in the number of 
the component elements of a tissue, it is rarely a perfectly 
simple process, but is usually associated with more or less 
degowration. This is owing to the fact that when- 
ever the nutrition of a pari^is so much interfered with as 
to cause it to atrophy, it is very prone to undergo fatty 
changes ; and it will be seen, when speaking of “ fatty 
degeneration,” that this process owes its origin to causes 
similar to those which produce atrophy itself. 

Etiology. — In speaking of the causes of atrophy, it will 
be necessary to distinguish between those which act upon 
the tissues generally, and those which have merely a local 
influence. 

Geaer^Z Atrophy may be caused by : — 

1. Deficient' supply of Nutritive Material . — 'Whatever 
interferes with the supply of nutritive material to the 
tissues will be followed by their atrophy. DeficieM 
supply of food ; obstruction to the passage of the food 
into the stomach or intestines, as in stricture of the 
ojso^aagus or pylorus; the mal-assimilation which re- 
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suits from the various conditions giving rise to dys- 
pepsia ; interference %^ith the absorption of the chyle, from 
obstruction of the thoracic* duct, or jjisease of the mesen- 
teric glands constituting the so-callecj “ tabes mes^nterica;’* 
may all in this manner be causes of general atrophy. 

2. E,eceH8ive Waate , — All those coi^litions which are 
attended by the loss of large qijjintitigs of nutritive 
material may be causes of general atrophy. Such con- 
ditions are furnished by continuous iiaemorrnages, profuse 
and long-continued suppuration such as often occurs in 
caries and empyema, diarrhma, and the excretion of large 
quantities of albumen or sugar as in Bright’s disease or 
diabetes. The waste resulting from the increased tissue- 
change which accompanies acute febrile diseases must also 
be included under this head, 

3. Impaired Nutritive Activity , — This constitutes an 
important element in the production of the atrophy of 
old age , — senile atrophy. As life advances, the vitality of 
the elements gradually diminishes, their ability to separate 
nutritive material from the blood and to assimilate it for 
their own maintenance becomes less and less, and hence 
they gradually atrophy, and ultimately all manifestations 
of their vitality may cease. 

Although general atrophy may thus be referred to one 
of the foregoing causes, it is rarely a simple process, but 
usually depends upon the combined influence of two or 
more of them. The atrophy associated with pulmonary 
phthisis, for example, results partly from the loss of 
nutritive material in the profuse expectoration and 
diarrhoea, partly from the deficient supply consequenjb 
upon the imperfect oxidation of the blood and upon the 
interference with assimilation which is so often» caused 
by- structural changes in the stomach and intestines, 

: and partly from the increased tissue-change. In senile 
' atrpphy, again, in addition to the general diminution of 
nutritive activity, there is frequently some condition of 
f the digestive organs interfering with assimilation Y^Jiich 
t: materially aids in producing the ultimate result. The 
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atyophy which accompanies the acute febrile diseases is 
by no means c, simjde process, increased tisgnc-change, 
loss of appetite, and interfereiice with assimilation beiii^ 
all component parts of it. 

Partial Atrophy may be Caused by : — 

1. Tmpm’fect Snj^ply of lilood . — The effect o\* interforini( 

with the supply t:)f bipod to a pari will depend uiDon the 
extent of the interference. Tf it be entirely cut off the 
part will die^(see “ iJIccrosis ”)f if merely diminished it 
will atrophy. « 

-Diminished supply of arterial blood is a common cause 
of atrophy, and may be brought about in various ways. 
The nutrient vessels may be obstructed by pressure exer- 
cised upon them within or without the organ to which 
they are distributed. In cirrhosis of the liver, the pres- 
sure exercised by the new growth of inter-lobular tissue 
causes atrophy of the secreting structures. In other 
cases the supply of blood is diminished by interference 
with the eirculiitiou at some distance' from the part, as by 
the pressure of a tumour upon the artery leading to it 
The atrophy of the proximal end of the shaft of a bone 
after fracture above the point of entrance of its nutrient 
artery is due to the same Cause. 

The atrophies which result from pressure exorcised 
directly upon the jDart itself are also owing to the con- 
sequent interference with nutritive supply. Atrophy of 
the sternum from the pressure of an aneurism, atrophy 
of the kidney from the pressure of retaiued secretion~-as 
in stricture of the urethra, enlarged prostate, Ac., and 

trophy of the skull in chronic hydrocephalus, are well- 
known cxamj>los of these atrophies from pressure. 

Mechanical congestion in the same way often leads to 
atrophy. The circulation is impeded, the blood is not 
returned normally by the veins, hence there is deficient 
arterial supply, and atrophy results. 1’his is seeu,.for 
example, in the liver of heart disease. (See “ Mechanical 
Hyperaunia of Liver.”) 

2. Dim inished Functional This* is the most 
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common cause of atrophy, many examples of which 
furnished both by pdbysiological -and pji^hological pro- 
cesses. Aft^r birth those •parts which arc no longer re- 
quired to •serve any purpose in the economy gradually 
atrophy and waste. The ductRs arteriosus, the umbilical 
arteries and* vein, the Wolffian bodies, and later — the 
thymus gland, all in this manner* disappear. The invo- 
lution of the uterus after delivery, the wasting of the 
spleen and lymphatic glands in advanced life, and of the 
lower jaw after the loss o^the teeth, are other physio- 
logical examples of atrophy from this cause. 

Muscles which from any cause have long remained 
inactive atrophy. This is seen in the various forms of 
paralysis ; also in limbs which have become incapacitated, 
either on account of anchylosis, or of chronic diseases of 
the bones or joints. 

After the establishment of an artificial anus the lower 
part of the intestine atrophies, and becomes converted 
into a fibro-cellular cord. 

Bones in the same manner atrophy from want of use. 
After the amputation of a limb the cut end of the bone 
tatrophies ; and atrophy of the orbit follows extirpation of 
the eyeball. • 

Interference with the function of nerves is also followed 
by their atrophy. This is seen in the atrophy of the 
optic nerve which often follows destruction of the eye, 
and also in the atrophy of the nerves of a limb which 
has long been incapable of action. 

3. Increased Functional Acti/vity . — This may in quite 
exceptional cases be a cause of atrophy ; much more com- 
mobly, however, it is a cause of hypertrophy. Certain 
glands sometimes atrophy from excessive use, egjpecially 
the testicle. 

4. The Action of Special Substances . — Certain sub- 
stances administered internally appear to be capable of 
producing atrophy. Iodine, bromine, mercury, lead, and 
the alkalies, may be enumerated amongst the most im- 
portant of these. Iodine and mercury exercise a special 
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it^aence upon the lymphatic system, and bromine upon 
the organs of generation. • 

t*). Nervous Influence. — Eesf)ecting the inrfiience of the 
nervous system as o^^direct cause of atrophy liittle is cer- 
tainly known. That atro|)hy is a frequent sequence of 
changes in the ngrve-trunks and nervous centres there 
can be no doubt*, buj it* is probably in most cases to be 
attributed to an indirect influence. The gradual atrophy 
of muscles, fhr oxatuple, which have become paralysed 
from lesions in the brain or i^)inal cord, is usually rather 
the result of the consequent interference with their 
function, than of any direct influence upon their nutrition. 
In lesions of certain portions of the nervous system, 
however, especially in those involving the large ganglion 
cells i)f the anterior cornua of the spinal cord, such as 
occur, for example, in infantile spinal paralysis, and 
also after some injuries of the nerve trunks, the muscles 
waste with great rapidity. In these and similar cases it 
must be assumed that the nutrition of the muscles is 
more or less directly influenced by the nervous system. 
(See “ Introduction.”) In some cases also, changes in the 
nervous system may cause atrophy by affecting the size 
of the blood-vessels, and sn interfering with the supply of 
blood. 

6. Inflammation . — This is sometimes described as a 
common cause of atrophy. The atrophy, however, which 
is such a frequent sequence of an inflammator}*^ process 
is in most cases due to that new growth of fibroid tissue 
which is developed in chronic inflammations. The new 
tissue, by the pressure which it exercises, causes atrophy 
of the proper structures of the organ. This is seen, for 
example, in cirrhosis of the liver. It is probable, also, 
that the impairment of vitality which results from an 
inflammatory process may lead to atrophy of the histo- 
logical elements, independently of the existence of new 
^broid growth. 

i^YsiCAL CuABACTERs. — ^The estimation of atrophy is 
.a matter of considerable diffiQilty. The great crite- 
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rion is diminution in absolute weight. 'I’ho weight o( -.in 
^ orgfin, however, varies conjyderably in hdalth ; it varies 
with the weight of the body as a wjiole, and it may be 
less than natural from incomplete* developmertt. The 
same is tniq also of the muscular and osseous systems. 
An accumulation of blood and s^rosity^in an organ may 
again increase its weight, and thus (jonsfitjite a source of 
fallacy. This is often the case in organs which have been 
for some time mechanically congested, in which, although 
their size and weight may •be increased, their tissue is 
(ionsiderably diminished in amount. 

Organs which are atrophied are usually diminished not 
only in weight, but also in size. In most cases they con- 
tain less blood, they are drier, firmer, and more fibrous in 
consistence than in health. Their*fimctional powers are 
invariably^ diminished. The whole of the textures of 
which jxn organ is composed may suffer ; some, however, 
usually do so more than others. The fibrous constituents 
are the last to atrophy, hence the firmness, toughness, 
and loss of elasticity so commonly met with in the 
atrophied parts. In glandular organs, the secreting cells 
are usually the first to show signs of atrophy; they 
become smaller, and are often ^finely granular, from the 
presence of molecular fat; the vessels and nerves also 
share in the wasting process. In the subcutaneous cellular 
tissue, the fat is gradually removed from the cells, 
which thus diminish in size. In muscles the primitive 
fasieculi become smaller, and their transverse str^ 
gradually disappear; ultimately th<» whole of the con- 
tents of the sarcolemma may be entirely removed, and 
nothing remain but the connective tissue. This process is 
Tisnally accompanied by more or less fatty degeneration 
of the muscular fibres, and in some cases by the develop- 
ment of fat between the fasieculi. (See “ Fatty Infiltration 
of Muscle.”) 

ATROPHY OP BONE. 

Atrophy of hone is always attended by a diminv^ion 
in weight, but not always by a diminution in size. It is 
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iffet with in two forms. In one, the compact and can- 
cellons tissue gradually becojne absorbed, the medullary 
canal diminishes ix size, and the whole bone thus be- 
comes smaller. Thk is kpown as rmicentric alrophy. It 
is met with especially in the long bones, in cases of long- 
standing anchylosis, disjlocations, or paralysis. 

In the othc# variety of atrophy there is no diminution 
in the size ctf the bone, but merely a gradual conversion 
of compact into caiicellous tissue. The whole bone thus 
becomes rarefied, and it is (Exceedingly light and brittle, 
so that it fractures with great facility. This, in contra- 
distinction to the former variety, is known as eccentric 
atrophy. It is usually met with as a senile change, and 
is in most cases accompanied by more or less fatty de- 
generation. 

PULMONARY VESICULAR EMPUYSEMA. ■ 

This appears to bo the proper place to describe the 
changes met with in the lungs in emphysema, inasmuch 
as these changes are characterised mainly by atrophy of 
the walls of the air- vesicles. 

Emphysema consists essentially in a permanent en- 
largement of the infundifiula and air-vesicles in larger or 
smaller areas of the lungs. The dilatation appears 
usually to commence in the infundibulum, and to extend 
from this to the air-vesicles which open into it, so that 
ultimately the whole may be thrown into one large cavity. 
As the process proceeds, communications are established 
between adjacent groups of air-vesicles, and thus cavities 
\}i still larger area are produced. 

Atrophous Emphysema . — The more minute histological 
changed* which accompany emphysema vary somewhat in 
different varieties of the disease. In that form of emphy- 
sema which occurs in old people, and which is essentially 
k senile change, the alterations in the walls of the 4iir- 
Vesicles consist simply of atrophy of the several struc- 
of which they are composed : — hence the term 
or smalUlunged emphysema, which is applied 
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by Sir W. .Tenner to this variety of the disease. The 
air- vesicles n^ay not Ufe much increased in Size, but several 
of them are thrown into one, their, walla are consider- 
ably thinner than natural, the connective' tissue, elastic 
tissue, and blood-vessels all Saving apparently shared 
in the wasting process. There is nsiially also an ab- 
normal amount of pigmentation. S^ch Ih^^gs are smaller 
than natural, and quickly collapse when the thorax is 
opened. 

Kyportrophons Emphysema . — Jn the other important 
variety o£ emphysema the lungs are increased in size, so 
that they often bulge forwards when the thorax in opened, 
and in contradistinction to the former variety, certain 
constituents of the lung-tissue appear to be increased in 
amount, inasmuch as the lungs are less crepitant, and 
-feel somewhat denser and tougher than natural. This 
is described by Sir W. Jenner as hypertropihous or larye- 
Innyod emphysema. 

When such lungs are examined microscopically, it will 
bo found that the dilatation of the air-vesicles is more 
marked than in atrophous emphysema, although less 
general in its distribution. The atrophic changes also do 
not affect equally the various fissues which make up the 
alveolar walls. The clastic fibres appear to be more 
especially wasted, whilst, according to some observers, 
the connective tissue is increased. I have been unable to 
discover any marked increase of the connective tissue in 
the alveolar walls, although an increase of this tissue is 
often to be seen around the smaller interlobular blood- 
vessels and bronchi. The capillary blood-vessels wbicb 
are distributed on the walls of the air- vesicles are atro- 
phied and diminished in calibre, owing to the stretching 
and pressure which result from the vesicular dilatation, 
whilst the larger interlobular vessels are often found 
thickened and distended with blood. In some cases 
there is more or less fatty degeneration of the epi- 
thelium, aud usually an abnormal pigmentation o^be 
lung. 
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•Etiology , — It would be beyond tbe scope of tbe present 
work to discusS tbe various thcorieif wbicb have been pro- 
pounded to account for the development of emphysema. 
It is, howevei*, obviqps that all conditions whlbh increase 
the pressure on the -insiUe of the air-vesicles, or damage 
the resisting povjprs of^their walls, may be causey of per- 
manent vcsici:|Jsfy' dilatation. 

Increased pressure on the inside of the air-vesicles may 
result from — ^ 

1st. Violent expiratory •efforts with closed glottis, 
such as occur during the act of coughing, blowing wind 
instruments, violent muscular exertion, &c. Those parts 
of the lungs which are least supported will be over- 
distended. This is the expiratory theory of Jenner. 

2nd. Certain portions of the lungs being incapable of 
expansion, owing to collapse, consolidation, asthmatic 
spasm, Ac. There will be excessive tension in those parts 
into which the air can cuter. 

Impairment of the resisting power of the air-vesicles 
may result from — 

1st. The lose of elasticity and atrophy which is a con- 
comitant of old age. This is the most important element 
in the causation of atropffous emphysema. 

2nd. The atrophy of the air- vesicles resulting from that 
stretching of their walls and obliteration of their blood- 
vessels which is caused by their over-distension from 
increased pressure exercised upon their inner surface. 

3rd. Damage to the walls of the air-vesicles which 
probably in certain cases results from previous attacks of 
pulmonary inflammation, or from some interference with 
their nutrition dpe to mode of life or to other causes. 


Degeneration. 

The “ Degenerations ” include a class of morbid pro- 
ceeds which are characterised by an alteration in* the 
quality of the tissues, and which, like atrophy, are 
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attended by impairment- of function, and often by anni^ 
Ijilation of histological elements. 

The alteration in the qnaliijy of the tissue results eitner 
from its direct metamorphosis into a new material, or 
JTrom its infiltration with some i^bstance which has been 
Conveyed to it Yrom without. * * ^ 

Atrophy and degeneration thuS so far* resemble one 
another, that in both processes nutrition is impaired and 
function interfered with. In atrophy, howcvei^ as pointed 
out Jiy Virchow, nutrition is iimply altered in qiumtitij, 
the waste of the tissue is in excess of the assimilation of 
-new material, and, consequently, there is a diminution in 
'the amount of the tissue and an impairment bf its func- 
tional powers. In degen erjition, on the other hand, 
^utrition is altered in qiialiiyt a new substance exists in 
jithe tissues, which' either originates in the tissue itself, or 
Ijnfiltratcs it from witlrout ; this is attended by impair- 
nioiit of the vitality and functions of the elements of 
^hich the tissue is composed, resulting either from the 
'senceof the new material, or dependent upon the same 
\\ onditions as those which gave rise to its formation^ 
Etiology. — Of the causesof the Degenerations as a class, 
but little can be said, the various^orms depending for the 
most part upon different conditions. These will be con- 
sidered under their respective heads. Our knowledge of 
this class of morbid processes is necessarily very incom- 
^plete, inasmuch as so little is known of the chemical 
ichanges which tiike place within cells. (See “ Physiology 
)f Cells.”) • . ’ . 

The Degenerations may be divided into two classes— 
ihe Metamorj^hoaee and the Infiltrations, , 

1. The Metamorphoses . — ^These are characterise^ by 
he direct metamorphosis of the albuminoid constituents 
the tissues into a new material. This is usually fol- 
bwed by the destruction of the histological elements and 
|ha» softening of the intercellular substance, so that ulti* 
feuately all trace of structure may he lost, and function 
completely arrested. The Metamorphoses InciuSe 

D 
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•Fatty, Mucoid, Colloid, and probaby liardaceoua De- 
generation. • • ^ 

2. The InfiUrcffions . — '#licse differ from tbe Meta- 
morphoses inasmuch as the new material which exists in 
the tissues is not denved from their albuminoid con> 
stitnents, bul^ is dej) 08 ited in them from the blood : 
there is ai^ ^nfil^ation and deposition of a new sub- 
stance. This is rarely followed by destruction of the 
histological elcpifeta, or by softening of the intercellular 
substance; hence the stgucturo of the tissue is ipuch 
less altered than in the Metamorphoses, and function is 
usually much less interfered with. The infiltrations 
include Fatty, Calcareous, and Pigmentary Infiltration. 



CHAPTER IV; 

PATTY DEO^NERATION. 

Fatty Degeneration is an abnormal accumulation of fat 
in the tissues. ^An accumulation of fat occurs, however, 
under very different cirnumstances, and under the general 
term of fatty degeneration” are included different 
I pathological processes. Before proceeding to describe 
' these processes and the histological changes which they 
produce, it .will be well to consider, in the first place, the 
sources from which the fat met with in the body is 
derived ; and secondly, the circumstances under which it 
may accunyilate so as to constitute a morbid process. 

Genaral Pathology of Fatty Degeneration . — ^The chief 
source of the fat met with in •the body is the oleaginous 
constituents of the food. A portion of these are stored 
up in the cells of certain tissues, to be utilised as pro- 
ducers of force and heat when the requirements of the 
system may demand it. The cells of adipose tissue, those 
of the medulla of bone, and, to a less extent, those of the 
liver, thus serve as physiological reservoirs for fat. 

The other sources from which fat may be derived is 
from saccharine and albuminous principles. , The albu- 
minous principles in the process of nutrition undergo de- 
composition, and the products of their decomposition 
contain a certain amount of fain This is usually com 
pletely removed by oxidation, but under certain circum- 
stances the oxidation is incomplete, and the fat accumu* 
lates in the cells of the tissqe. 

In considering the circumstances under which an ftcu- 

n 2 
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^Illation of fat in the tissues may constitute a morbid 
process, it is t® be remarked that i# often becomes exceed- 
ingly difHcult here ^o draw any sharp line of demarcation 
between health and disease. This is especially the case 
when the accumulation of fat is excessive in situations 
where fat is nornjally met with. When it occurs in abnor- 
mal situations the ^orBid nature of the process is evident. 

An accumulation of fat in the tissues may occur so as 
to constitute a molbid process under the four following 
conditions : — e* 

1st. When the food contains an excess of fat, or of 
substances capable of becoming converted into fat. 
Under such circumstances the oxygen^ taken into the 
body is insuflicient to oxidise tlie excess, and it conse- 
quently accumulates in the cells. 

An accumulation of fat from this cause occurs as a 
physiological process in the growth of adipose tissue. 
Adipose'tissue is a connective tissue containing numerous 
cells which are distended with fat. The growth of 
this tissue thus consists simply in the fatty infiltration 
of more of these cells. (Fig: 5.) If this'b© excessive 
it Constitutes obesity. The temporary accumulation of 
fat in the liver during the digestion of an aliment rich 
in fatty substances is another example of this kind of 
deposition. This will be described when spealiing of the 
“ fatty liver.” If the amount of fat be very great it may 
accumulate, not only in normal situations, but also in 
tissues where fat is not usually met with, and in both cases 
the accumulation will thus constitute a morbid process. 

2nd. When there is no such excess of fatty substances 
in the food, but the processes of. oxidation are so imper- 
fectly performed, either locally or generally, that the fat 
contained in a natural diet is incompletely oxidised. 

3. When the fat which is liberated from the nitro- 
genous constituents of the fopd during the proc^s,8 of 
nutrition does not undergo the complete oxidation which , 
it should, and so remains within the cells. 

4th, When the fat which is liberated from the proto- 
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;plasm of cells during the' progress of nutrition is incon» 
.pletely oxidisgd, and ^ accumulates in, alid takes the 

pace of, the protoplasm. Here there ^ a gradual replace- 

' • 

Fig. 5.' 



Fatty Infiltration qf ConnecUne Tissvo, Showing the accu- 
mulation of fat within the cells. • x 300. (Kindfleisch.) 

1 ^ it of the protoplasm by molecular fat, so that the cell 
rnately may be comj^l'etely destroyed, 
atty degeneration in which there is this destruction of 
ological eleipents is one of the most common forms of 
disease, «nd it will hereafter be more fully described 
My metamorphosis. Its nature was first pointed out 
3r. Quain in his well-known researches on fatty dege- 
ition of the heart.* Dr. Quain then stated that the 
met with in the muscular fibres in this condition was 
result of a metamorphosis of the fibres themselves^ 
was not derived from without. The truth of Dr. 
bin’s teaching has since been confirmed Jby the ex- 
mental investigations of Drs. Yoit and Bauer. 

''oit and Bauer’s investigations were made with the 
ect of determining the source of the f^t in that acute 
n of fatty degeneration which is produced by poisoning 


Medico-Chirurgical Trans. Load.,’* 1850, vol. xxxiii. 
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^vijbk phosphorus, in which the degeneration is due mainly 
to the destruction of the red Jdood cells, and the consequent 
diminution in the oxidising power of the blood.* . They 
gave phosphorus to dogs which had for some days pre- 
viously been starved, so that any fat w^iich might be*, 
present in iiie tissues gfter death could not have been de- 
rived either irom the food or from the adipose tissue of 
the animal§. Th^ phosphorus produced very extensive 
aqd general fatty 'degeneration,, and the fat must obvi- 
ously have arisen from, the protoplasm of the cells. Ypit 
concludes from these investigations — Ist. That the tran^ 
formation of albumin which takes place in cells is inde- 
pendent of the supply of oxygen, biit- that if the oxygen 
be deficient, the fat and other products of the transfor- 
mation, being incompletely oxidised, accumulate in the 
cell. 2nd. That the presence of fat in the^ells may thus • 
1)6 due to increased transformation of the albumin, or to 
diminished oxidation of the produbts of its decomposition. 
3rd. That the fatty degeneration in poisoning by phos- 
phorus is due both to an increased transformation of the 
albumin of the cells, and to diminished oAdation of the 
fat and other products of the tranformation. • 

It will thus be seen that of the four conditions enume- 
rated as causes of fatty degeneration, in all, with the 
exception of the first, the accumulation ofc the fat is 
^principally due to incomplete oxidation, whilst in the 
first there is no imperfection in the oxidising processes, 
but the oxidisable materials are in excess, l^hese two 
"conditions are frequently associated. 

• Incompleteness of oxidation, and a consequent tendency 
to the production of fat, occurs under various' circum- 
stances. The red blood cells being the carriers of oxygen, 
all those conditions in which the supply of blood is 
interfered with, the red blood cells diminished in number or 
defective in quality, or the oxygenation of the blood 
imperfectly performed, may lead to fatly degeneration. 

% Vfrit and Bauer, “ Zeitschriffc flir Biologie,** vii. pp. 63-85; and 
Voit, “ Neufs Repertorium fttr P^nnacie,*^ xz. pp, ^0-849. 
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Interference with the supply of blood to apart and con- 
sequent fatty degeneration from imperfect o.vdation may 
result from narrowing of the ftutrient blood vessels. This 
is seen in the heart as the result of atheromatous changes 
4n the coronary arteries, and in oi^ansln which the lumen 
of the vessels is diminished by lardaceods changes. The 
interference with the supply of blodd caused by inflamma- 
tion and mechanical congestion in the^Samo’Way leads to 
fatty degeneration. Organs and tissues which have 
been lohg disused, and in whicj;i consequently the quantity 
of blood circulating through them and the oxidation 
processes become diminished, undergo fatty changes (see 
“ Fatty Infiltration of Muscle”) ; as do also the cancers 
and other rapidly-growing tumours in which the rapidity 
of growth is out of proportion to the vascular supply. 

All altcrati(]n in the blood as a whole, and a consequent 
general tendency to fatty changes, is seen in chlorosis and in 
those conditions of anaemia which are sometraes produced 
by chronic and acute diseases ; also in the fatty degenera- 
tion which results from the destruction of the red blood 
cells by phosphorus. The long continued abuse of 
.Icohol, and the influence of a high temperature, by 
< Llrninishing the absorption of oxygen by the tissues tend 
to produce fatty changes. The. senile forms of fatty 
degeneration, which affect especially the cornea and car- 
tilage, arc due to that diminution in the activity of the cir- 
culation which 'exists in old age. Lastly, the imperfect 
oxygenation of the blood which results from chronic diseases 
of - the lungs constitutes an important element in the^ 
causation of the fatty degeneration which so frequently 
exists in these diseases. * , ■ " 

In proceeding to egnsider the histological changes which 
are produced in the tissues by an accumulation of* fat, it 
is in the first place to be remarked that in those cases in 
whieh the fat is derived from the food, it is, for the most 
part, deposited in those situations in which fat is normally 
met with ; whereas when it originates jn the tissues it may 
occur in the cells of any part. Thq changes producedf in 
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the tissues must obviously vary in the two cases. Whore 
the fat is derived from the metaiftorphosi^ of the nitro- 
genous constituents of cells fhe process is accompanied by 
more oi;leSs destruction of the cell, and by a corresponding 
impairment of its funGtional powers — the tissues are* 
destroyed in the process j whilst in the other cases no such 
destruction usually talces place. Although these two con- 
ditions may occasionally be associated, yet, owing to the 
marked difference On the results which they respectively 
produce, it will be well to speak of them separately ; that 
in which the fat is derived from the metamorphosis of the 
tissues being termed Fatty Metamorphosis, that in which 
it is derived from the oleaginous, saccharine, or nitro- 
genous principles of the food — Fatty Infiltration, 

PATTY IKPILTRATION. 

t 

In Fatty Infiltration, the fat which is deposited within 
thi* cells usually occurs as distinct drops of oil. In the 
earliest atages of the process these are very small, but 
as the deposition proceeds they gradually accumulate 
and run together, displacing and obscuring the nucleus 
and protoplasm, until the cell is completely filled and 
distended with oil. (Fig. 6.) The 
vitality and functions of the cells 
are but little impaired by the accu- 
mulation, and the protoplasm — 
although rendered almost invisible 
when this is excessive — remains un- 
altered, The cells within which 
the fat accumulates not being de- 
stroyed, the removal of the fat is 
all that is necessary to restore them 
to their original condition. As 
already stated, fatty infiltration 
occurs as a physiological process in 
the growth of adipose tissue, and 
alsfl in the liver during the digestion of an aliment rich 
'’iti fatty substances. 
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PATTY INJILTllATION OF MUSCLE. 

In muscle, fatty infiltration is frequently met with as a 
morbid process. The cells in the connective tissue which 
surrounds the fasciculi of the Auscle become filled with 
fat; and this* development of fat between the primitive 
muscular fasciculi has often been confounded with dege- 
neration of the fibres themselves. In this ‘latter process, 
however,' which will subsequently b# described as fatty 
metamyrphosis of muscle, there is a direct metamorphosis 
of the muscular fibres into fat ; whereas in the conditionf 
HOW under consideration, there is a deposition of fat 
between the fasciculi, which remain — during the early 
stages, at all events — unaffected. The interstitial fat 
varies in amount. In some casefe single row a of fat cells 
alternate with rows of muscular fasciculi ; at other times 
the accumulatioli is less regular, more existing between 
some fibres than between others: in all cases, however, 
the muscular elements may be 'discovered lying amongst 
the fat. (Fig. 7.) If the latter be very considerable 
in amount, the muscle may appean to the naked eye to 
be entirely converted into fat ; but the microscope will 
always reveal the muscular structure in which it is 
embedded. ^ 

This condition is frequently met with in animals which 
have been fattened, the fat increasing not only in the 
usual situations, bu^ also accumulating between the 
fasciculi of the muscles. In muscles also which from 
any cause have for some time been incapacitated, and in 
which consequently the circulation of blood and the^ 
oxidation processes are reduced to a minimum, this inter- 
stitial growth is extremely liable to occur — ex, gr.,JjL the 
extensors- of the wrist-joint in cases of lead-poisoning, 
and in long-standing paralyses from lesions of the brain 
or pord, also in muscles which have been rendered 
useless by anchylosis of a joint. In progressive muscular 
atrophy, asiTu'chow has shown, jbhe affected muscles ex- 
hibit this change, together with true fatty metamorphosis. 
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ifFaitij Infiltration of the Heart , — In the heart fatty 
infiltration is ^ot unfreqnently mA with ; ^nd here it ia 
especially importan^t to distinguish it from the much 
more guave couditic^n- in which the fibres themselves are 
primarily affected. In health, there is a varying amount 
o£ fat covering the surface of the heart beneath the vis- 
•/ . ‘ Fro.7. . 



Fatty Infiltration of Heart. A section from' tho more oxteraal 
‘portion of tho left ventricle of tho heart, showing tho growth of fat 
between the niiisciilar fibres. The , fibres are in some places atro- 
phied and commouciug to undergo fatty metamorphosis, x 200. 

ceral layer of the pericardium, \^hich is always most, 
abundant in the grooves between the auricles and ven-» 
tricles, where iib surrounds the blood-vessels. Thisjuay 
increase so as to completely* envelop the, organ, aud at 
thtt same time gradually insinuate itself between the 
,miiiicular fibres, so that to the naked eye hll appearance 


FATTY DEGENERATION. 


43 


of muscular structure may be lost, the walls looking lik^ 
a* mass of fat. In heirts l^s affected, stfim of fat will 
be seen lying amongst the muscle. ii(See Fig. 7.) The 
fat is always most abundant near tl:\^ surface, the mus- 
^cular structure becoming more evident towards the endo- 
cardium. # ^ • 

The immediate effect of the interi^titia!, growth is to 
displace and compress the muscular fibres between which 
it insinuates itself, and in doing so it lliminishes the con- 
tractile power of the muscle. •This is espepially important 
when occurring in the heart. The* pressure, however, 
which it exercises upon the fibres and the accompanying 
blood-vessels, ultimately causes atrophic and degenerative 
changes. Thus the fasciculi gradually atrophy, the trans- 
verse striation becomes indistinct and is replaced by mo- 
lecular fat ; in fine, true metamorphosis of the muscle is 
established. These two processes, indeed, not uncom- 
•moiily go hand in hand together, the interstitial infiltra- 
tion i)receding the intrastitial metamorphosis. 

rATTY INlgLTKATION OP THE LIVER. 

In the Jiver fatty infiltration is exceedingly frequent, 
constituting what is comiponly known as the “fatty 
l:\er.” The hepa^c cells always contain a small quantity^ 
of fat, which is temporarily increased after the ingestion 
of fatty substances-. It will be well to describe this 
physiological infiltration before proceeding to the morbid 
process. 

The ingestion of an aliment rich in fatty substances is, 
followed by a temporary excess of fat in the portal blood,' 
and by the deposition and temporary accumulation of a 
portion of this within the hepatic cells. This 'fat is first 
deposited in the cells which are in immediate contact with 
the. capillaries of the portal vein, and thus is produced 
Ru Qxcess of fat in the cells at the circumference of the 
hepatic lobules. T^is gradually passes from the cel]jp at 
the circumference to those in the interior, whence it is 
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vltimatclj conveyed again into the circulation. This 
process goes T)n until the excess olE fat is tfcmoved from 
the blood, when tbo hepatic cells again acquire their 
former character. /Phere is thus a transitory accumula- 
tion of fat within the hepatic cells whiclj is gradually, 
removed, the' vitality pf th# cells not being thereby 
impaired. * 

The morbidly fatty liver is one which contains an ab- 
normal quantity oA’at, and here also, as the fat is usually 
deposited from, the blood Jte the portal capillaries, the 
increase is first observable in the external zone of the 
, hepatic lobules. (Fig. 8.) It accumulates here within 
the cells as minute globules,- which as they increase 
coalesce and form large '.drops of fat. These ultimately 
completely fill and distend the cells, which at the same 
time become larger and more globular in shape. (See 
Fig. 6.) As the process proceeds, the accumulation 
advances from the periphery towards the centre of the 
lobule, until its whole mass may be involved, and the 
cells universally become distended with fat. The vitality 
of the cells is not materially impaired by the infiltration ; 
they continue to perform their functions, as is shown by 
the presence of bile in tlie stools and in the gall-bladder. 
In some exceptional cases the accuihulatipn of fat is most 
^narked around the hepatic vein. 1)iis, according to 
Yirehow, is probably to be explained by supposing that 
the fat is becoming excreted, and that only the last cells 
retain a little of it. * 

The fatty liver is somewhat increased in size, in ad- 
*vanccd stages often considerably so. The surface is 
'smooth, the edges are thickened and rounded, the specific 
gravity is diminished, although the absolute weight may 
be increased. If the infiltration be slight, involving merely 
the portal zone of the lobules, the cut surface will present 
a mottied appearance, the external fatty zone being ef an 
opaque yellowish-white colour, whilst the central portion 
retrains unaltered, or is perhaps somewhat hyperaemic. 
The more extensive the infiltration the larger is the pale 
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zone, and ultimoAely, when the \lrhole lobule is involved^ 
there may be left in the centre merely a neddish-brown 
boint, which corresponds witH the commencement of the 
pcpatic vein^ and in many cases even this point ^is lost. 
The organ is then of an almost uftiforA opaque yeUowish- 


Pio! k 



F(Vttij Liver, Showing the accuniulatioa of fat in those cells 
bore especially which are situated in the^ external zone of the 
tobule. There is also an increase in the interlobular^ouncctive 
Issue (Oirrhosis). V. Hepatic Tein. *1. Interlobular connective 
psue. x 50. 

• 

bhite colour, and the boundary between the individual 
pbdles may be completely obscured. In exceptional 
^es.^e accumulation of fat is much more abundant in 
pme portions of the liver than^in others, ,so that on* 
lotion, yellowish points and streaks are seen scattei^d 
Ker its, surface. The consistence of the organ is much 



46 


NUTRITION IMPAIRED. 


^iminialied, it feels doughy, and pits ©n pressure with 
the finger, and the knife used tn cut it becomes coated 
with ofl. The pressure exircised by the infiltrated fat 
produces considerable ‘ anmmia of^ the organ,* but the 
interference with \he (firculation is never sufficient tc^ 
cause ascites, haemorrhage, or other evidences of portal 
congestion. • * 

.The liver is especially liable to become the seat of fatty 
accumulation. Tiiis, as shown by the late Dr. Bence 
Jones, is owing — firstly, teethe excess of non-nitrogenous 
oxidisible matter in the portal blood; secondly to the 
deoxidised condition of the portal blood; and thirdly, 
to ■ the low pressure and slowness of . circulation in 
the portal vessels — conditions the least favourable to 
oxidation.* , 

An accumulation of fat in the liver occurs under two 
opposite conditions — one in which .there is general obesity, 
and the fat accumulates in the liver in common with other 
parts; and another, in which. there is general etnacia- 
tion, and a consequent impairment of the oxygenating 
power of the blood. The fatty infiltration dof. the liver 
which is so constantly associated with certain .chronic 
diseases of the lungs, is also partly duo to imperfect 
oxygenation of the blood from destruction of lung-tissue. 
Fatty liver caused by phosphorus and other poisons has 
been already alluded to. 

The other variety of fatty degeneration'— fatty meta- 
morphosis — will be described in the following chapter. 

• “ Lectures on Pathology and Tborapeiitics.” Dr. Bence Jones, 
p. 179. * 



CHAPTER V. 

FATTY. DEOENEEAHON {continued). 

FATTY METAMORPHOSIS. 

• 

This differs from fatty infiltration, inasmuch as the fat is 
deriv^ from the albuminous constituents of the tissues 
themselves; and not from the fatty, saccharine, or jiitro- 
gfenous principles of the food. 

The process consists in the gradual replacement of the 
protoplasm of cells by' molecular fat, in the’ manner de- 
scribed in the preceding chapter. The fat makes its 
appearance as minute granules and molecules, usually 
first in the protoplasm,* and subsequently in the nucleus^. 
The granules — which are. characterised by their dark 
colour, sharp contour, strong refractive power, and solu- 
bility in ether — gradually increase in number, and 
ultimately the whok of the protoplasm may be trans- 
formed. As they increase some of them may coal(^ce, 
and so form distinct drops of fat. ^As the process j^ro- 
ceeds the cells undergo an increase in size and become 
more globular in shape, the nucleus becomes involve^, 
the cell-wall, when this exists^ is destroyed, and the cell 
may thus be converted into a mas& of granular fat.* 
(Fig. 9.) • • , _ 

• These granules of fat sometimes, remain for some time 
in a coherent form, and they then constitute what were 
formerly known as the “ inflammatory ” or “ exudation 
corpuscles,” or “corpuscles of Gluge,” which are so 
common in chronic cerebral softenings and in some other 
forms of fatty degeneration. (Fig. 9, 6.) Ultimately''the 



48- 


NUTRITION IMPAIRED. 


#ilbuminoufl matter between th<j granules of fat liquefies, the 
cofpuscles brfcak up, and the fat b<^omes diaif^ributed in the 
tissue (Fig. *9, h). Y^ese granular corpuscles will be more 
fully considered wjjcn speaking of cerebral softening. 

Fig. 9. 



Tytitf/ Metamyrphonis qf Cells, a. From u 
cancer., b. From tho brainin chronic soften- 
ing. Tlio latter show the large “granular * 
corpuscles,” and alsoT the manner in which 
these become disintegi'atcd. * x 200. 

Types of this pathological process are furnished by 
many well-known physiological ones, one of the most 
"i^aracteristic of which is perhaps the secretion of milk. 
The secretion of milk takes place in the following manner: 
— The. man^mary gland becomes exceedingly vascular, 
white blood-coppuscles escape from the vessels, the epi- 
thelium multiplies, and a largo number of young cells 
thus make their appearance in the ducts of tho gland. 
These cells as they are produced become converted into 
f^, the cells break up,^and the fatty matters in a more 
ok less coherent form constitute the milk-corpuscles. In 
^ thV earliest stages of the process' the granules of fat 
cohere and form the colostrum -corpuscles, which are pre- 
cisely « analogous to the large grafiular corpuscles met 
with in chronic cerebral softening, &c. (Fig. 9, h) ; but as 
the secretion becomes fully established, and the disinte- 
gration- of the cells takes place more rapidly, the fatty 
molecules become at once distributed in the liquid in 
wl^ch they are suspended, giving to the secretion its 
ckaracteristio white colour. The milk-corpuscles thus 
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formed are replaced continuously by new cells, which in i 
their tu rn undengo fatty ihetamorphosis> and iii^this manner 
a continuous formation and destruction of cells take 
place. Otlier examples of fatty metamorphosis arc afforded 
by the formation of the sebaceous matter of the skin, the. 
cerumen of tho*ears,* and the corpus^iiteui^in the ovary ; 
all of which take place in the same yray *1^ the fatty 
metamorphosis and destruction of newly formed cells. 

The jmmediate effect of fatty metamorphosis is to pro- 
duce more or less softening c»f the affected part, and 
necessarily to impair or annihilate function. Tf larg(i 
tracts of tissue are affected, the change is readily recog- 
nisable by the diminution in consistence and elasticity 
which arc produced, and in many cases also by the 
opaque yellowish-white colour. If, however, the change 
is limited to mifiute portions of the tissue, its existence 
can only be discovered with the aid of the microscope. 

The fatty particles into which the cells have been 
transformed are, under favourable circumstances, readily 
absorbed. The fat may thus be removed and the degene- 
rative process cease before the part has been dangerously 
involved. Such recovery probably often occurs, for ex- 
ample, in the kidneys and heart. When the elements 
are completely degenerated the fatty debris ,is also 
usually removed by absorption. This is seen in the fattj*^ ^ 
degeneration and absorption of inflammatory products, 
such as occurs in croupous pneumonia. In order for 
such absorption to take place it is necessary that the 
tissue should be freely supplied with blood-vessels. If 
this is not the case, the degenerated products are liable 
to undergo certain changes whereby they become con- 
verted into a ‘pultaceous crumbling material somewhat 
resembling cheese *. — this is known as caseation* 

Cassation. — This is a modifleation of the degenerative 
process in which the fatty products gradually dry up into 
a yellowish friable material, which ha^ been compared to 
soft cheese. This change appears to be owing to 0 
natural dryness of the degenerated tissue, resulting from 
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deficient vascular supply. It is most frequent in parts 
■which contain but few vessels, A in tho^ in which these 
become obliterated by inflammatory products or by some 
new growth. Grojvths composed of closely- crowded cells — 
as epithelial accumulations within the pulmonary alveoli, 
growths in the lymphatic glands, ih the brain, and in 
osseous strv6turep, are the most liable to become caseous. 

The process consists in a gradual drying up of the 
degenerated elements ; the fluids are absorbed, t^ie cells 
— which are many of them incompletely degenerated — 
shrivel and atrophy, the fat undergoes partial saponifica- 
tion, cholesterine forms, and the tissue thus becomes 
converted into a soft, yellowish-white, cheesy substance, 
composed of atrophied cells, fatty debris, and cholesterine 
crystals. This material may gradually dry up more and 
more, and ultimately become encapstlled by a layer of 
fibrous tissue. 

These cheesy matters are constantly met with, espe- 
cially in the lungs, and considerable confusion has arisen 
as to their nature and origin in this situation. This has 
proceeded from its having been formerly the custom to 
look upon all cheesy masses as essentially tubercular. 
Tubercle, it is true, often undergoes, to a greater or less 
extent, fatty degeneration, and it may thus, like all 
other growths which have undergone this process, be- 
come converted into a yellow cheesy substance; but it 
is by no means true that all cheesy masses arc tuber- 
cular. The pathological significance of caseation is 
thus less limited than was formerly supposed, and 
although this change is undoubtedly most common in 
tuberculous and scrofulous lesions, its occurrence merely 
indicates that the elements have undergone fatty meta* 
morphosis, and under no circumstances is it in itself 
eviiience of any one particular form of morbid growth. 
(See •* Scrofulous Inflammation,”) 

The caseous mass may subsequently become calcified, 
^^u^idergo a process of softening and liquefaction. 

Calcification. — This is an adva&c>ed stage of the pre- 
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ceding process. It most frequently occurs in those cases | 
in which the caseous i&ass is completely on closed aitd 
isolated from the external air? as whe^ in the lymphatic 
glands, in bone, or when encapsuled in the lungs* ^Hie 
9ias8 becomes infiltrated with calcfareous particles, and is 
thus converted •into a calcareous concretion. (See “ Cal- 
careous Degeneration.”) • 

Softening. — This process consists in a liquefaction of 
the caseous substance, which is probaUly owing to some 
chemical change in its constituents. It most commonly 
occurs in parts which come into contact with the external 
air, especially in those situated in the lungs. The 
caseous mass liquefies, and is converted into a thin puri- 
forin liquid, containing curd-like cheesy matter, wliich to 
the naked eye looks much like pus, but under the micro- 
scope is seen to consist simply of granular debris, fat, 
and cholesterine crystals. This, if not discharged, may, 
like the caseous masses, unltimately dry up and become 
calcified. 


FATTY DEGENERATION OF ARTERIES. 

Fatty degeneration of arteries may be a primary or 
secondary affection. As a secondary process it is met 
TV Ith in atheroma and other infiammatory conditions of 
the vessels, in which the fatty change is preceded by 
a cellular infiltration of the subrendothelial connective 
tissue. (See ” Atheroma.”) 

Primary fatty degeneration is a passive process, not 
being preceded by any increased nutritive activity of the 
parts affected by it. It may affect both the internal, 
middle, and external coats of the artery, but it is most 
common in the first-named situation. The change usually 
commences in the endothelium and the connective tissue 
cells in the most internal layers of the inner coat; small 
groups' of cells becoming affected in various parts of tho 
vessel; and it may gradually extend from within out- 
vards, the intercellular substance softening, until, in 

* e2 
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> exceptional cases, the whole thickness of the intima is 
destroyed. •(Fig. 10.) ^ 

Fig. 10. 



Fatty Deyen^^ration of the Internal Coat of the 
Aorta. iSnuill 3 "ollowish-w)jite patcbt'.s soat- 
tt*ivd over tlie mombrano of tbo vossel. 

A very thin layer ijecled off and x 200, showing 
the groups of tat molecules, and tho distribution 
of fat in tho intiina. 

In the earlier stages of the process the condition is 
recognised by the existence of small, irregular-shaped 
patches of an opaque yellowish -white colour, projecting 
very slightly above the surface of the intima. These, 
which are so constantly met with on the lining membrane 
of the aorta, may at first bo mistaken for atheroma. 
They are in most cases, however, readily distinguishable 
by their superficiality, and by tho facility with which 
they can be stripped off from the subjacent layers, which 
present a natural appearance. In atheroma, on the other 
hand — which affects the deeper structures — if the super- 
ficial layer bo removed, the opacity and thickening are 
scon to exist beneath it. In many cases the change is 
limited entirely to the innermost layers of the vessel; the 
more the sirbjacent tissues are involved, the greater is the 
irregularity in the shape of the patches, and the less readily 
can they be separated with the forceps. The opaque 
patches occasionally break down, the cells are destroyed, 
the intercellular substance softens, and the granulaf debris 
is carried away by tho circulation, leaving small, irregular, 
superficial erosions upon the lining membrane of the 
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vessel. These erosions are not nicer s in the true sense 0 / 
that term, not bftng the result an active process. They 
resemble the superficial erosions so common upon the 
mucous meml)rano of the stomac^, as ^described Dr. 
Wilson Fox. 

Simple fatty degeneration may eccur in any of the 
arteries, but it is in the smaller ones tth at* its injurious 
influence is most marked, and in these it Js more especially 
liable to affect the external coat. (Fig. 11.) Here, by 

Fio. 11. 



Fatty Degen&ratian of small Vessels cf Pia 
Mater, From a case of chronic Bright’s 
Disease, a. A small artery, the coats of which ' 
aro somewhat thickoued h. A capillary, in 
which aro seen a few red blood-corpuscles. 

X 400 

diminishing the elasticity and contractility of the vessels, 
it causes degenerative changes in the parts which they 
supply, and often leads to rupture. This is exemplified 
by many cases of chronic cerebral softening and cerebral 
hffimorrhage, although here atheromatous are often asso* 
dated with the fatty changes. In the larger arteries, as 
the aorta— where it is exceedingly common— it is of less 
import^ ce, the inflammatory process, atheroma, having 
here a far more deleterious effect. 

Fatty Degeneration of Ca'pillaries, — The capillaries may ^ 
also be the seat of fatty changes. Here they are most 
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• cpnimon in^ the nervous ^centres, and in the kidneys in 
Bright’s disease. (See Fig^ 11, &!; The pAccss commences 
in the endothelial lells, and may involve considerable areas 
of th^ capillary vail, so that rupture is often the ultimate 
result. This is common in the smallest cerebral blood- 
vessels, where it is sofnetimes a cause of cerebral (capillary) 

haemorrhage}. c- 

Primary fatty ^degeneration of blood-vessels is in most 
cases a senile change ; it is an expressson of that general 
impairment of vitality which exists in advanced life, and 
is usually asspeiated with similar changes in other parts. 
When, however, it is limited to the lining membrane of 
*the largest arteries it is often mot with in early life and 
in persons who are otherwise perfectly healthy. Patty 
degeneration secondary to inflammatory conditions will be 
considered subsequently. (See “ Inflammation of Blood- 
vessels.”) 


Fig. 12. 


FATTY DEGENBRITION OF MUSCLE. 

Both striated and non -striated muscle may be the seat 
of fatty degeneration. In the latter, the muscular fibre- 
cells are the seat of the chadge ; they become filled with 
fat granules and are ultimately de- 
stroyed. This condition is frequently 
met with in the middle coat of arteries 
which are undergoing fatty degene- 
ration. 

In striated muscle — both in the 
voluntary and in the involuntary of 
the heart — the fibres themselves are 
Famj negeneration the seat of the morbid process, which 
cpMwte in the replacement of the*'al. 
Stage, b. Moro ad- buminous matter of which the fibre is 
vanced. x 400. composed by fat. The earliest stage 
of the affection is characterised by 
an indistinctness in the transverse markings of the fibres, 
Vhich in many parts become studded with minute par- 
ticlw of fat. (Fig. 12.) These gradually increase in 
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number and size, and are usually distributed somewhat 
irregularly within the • sarcolemma. In isome paris 
.nngle rows of granules are fouftd running along the length 
of tlio fibre f in others, they are grouped around the 
jiuclei or arranged in traiisverle liftes corresponding 
with the strife of the muscle. The fibres become 
xfcrcmely friable, and are readily ^Droken ay into short 
Vagments. As the process proceetfe the"^ transverse 
larkings entirely disappear, and nothing but molecular 
it and oil globules are seen within the sarcolemma. 
'T’ho sarcolemma itself may ultimately be destroyed, and 
)thing remain of the original fibre but the fatty debris 
to which its albuminous constituents have, been con- 
erted. This is true fatty degeneration of muscle ; in it 
.he mu^‘cular elements are destroyed, and it thus dillbrs 
essentially from fatty ivjiltrationt in which there is 
siu' ply a development of fat between the fasciculi, the 
ahficuli themselves not being primarily affected. (See 
* Fatty Infiltration of Muscle.”) 

Fmy DEGENERATION OP TUB HEART. 

It I j in the heart that fatty degeneration of muscle is 
st fre(piently met with, and here it assumes a most 
mpi '^nt aspect from the deleterious influence which it 
core* 'ks upon the motor power of the organ. The mus- 
, ala abstance may be afiected throughout, or the dege- 
*ieration may be confined to certain portions of it. The 
vider the extent of tissue that is affected, the less 
advanced, as a rule, is the degree of the degeneration. It 
is in those cases in which small tracts of tissue only are 
involved that the process is met with in its most advanced 
stage. * 

When the change is slight and more or less general, 
the muscle is somewhat softer and more flabby than 
natural ; it is more friable, and often breaks with a soft 
granular fracture; and its colour is rather paler and 
more opaque than that of healthy cardiac tissue. UnSer 
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^the micioscope the musciiHr fibies aie seen to have lost 
ti/some ext Alt their atnitcd apjf aiance,tond to contain 
pinnules of fat (Ihg 12, a) 

Thi^ diffuse foim of dct^cncration maj t)ccui in the 
I onisc of those disease's in which the oxid liiou pioc( ssesi 
lie reduced to a muuipiim , in all those diseases, in short, 
which are ajitcnded by marked autcmia, whetliei this 

Pro 13 



y1( It FfWi Dcgcnrratt n of Heart and of cth r fftncla a IP ait 
I ht tiis iM niiiii'j Lhf whole ofthohtart tisbut wis atfccttd, 
lu I aUo th mubth b m cthci puts f f the body x 400 


anj'mii l)c griduolly or rapidly induced In the case 
fiom which the ac ompanying drawing was taken the 
degener ition was acute (Fig 13 ) This was the case of 
i weikly young girl who was under .my care suffering 
from slight vilvulai disease She quickly succumbed 
wj^h acute fatty degeneration of the heait and other 
muscles, whic h was induced by a profuse loss of blood 
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during a menstrual period, and by inability to retain 
food.* Interference ^^th th^ circulation in^the coronary 
arteries is also a frequent cause of a more or less general 
degeneratioil of the muscular^ tisfue. This, occurs 
•especially as a result of aortic incompetence, and explains 
Jhe early failure of cardiac power in this fjorm of valvular 
disease. Atheromatous changes- in Jhes(? arteries, such 
as result from the increased blood-pressure of Bright’s 
disease, lead in the same way to tatty degeneration. 
Lastly, in its slightest degrees, a diffuse fatty degeneration 
of the heart sometimes occurs in the course of acute febrile 
diseases. This will be again referred to in the chapter 
treating of the histological changes produced by pyrexia. 

Sometimes the degeneration, although perhaps more or 
less general, is much more advanced in some parts than 
in others. In such cases the heart presents a mottled 
api)earance ; opaque pale tyellowish or brownish j^atches 
are seen irregularly distributed throughout its substance. 
These patches, which vary considerably in size and form, 
are met with especially in the papillary muscles, the 
• olumna) carneae, and in the layers of fibres immediately 
heneath the endocardium. They may also occur beneath 
the pericardium, and in the deeper poftions of the organ. 
They correspond with the most degenerated portions of 
the tissue. They are soft and flabby, and have a rotten 
consistence, tearing readily under the finger. Under the 
microscope, the fibres are seen to be in an advanced stage 
of fatty degeneration, their sarcolemma containing mole- 
cules of fat and oil globules, which in many parts have 
escaped and lie free amongst the suiToundingless degene- ^ 
rated tissues. (Fig. 12, &.) These more localised degene- 
rations are most common in old people, and usually Result 
from considerable disease of some branches of the coronary 
blood-vessels, and not from conditions of general anaemia. 
The peripheral layers of muscular tissue also frequently 


• This case is reported in “ Trans. Clinical Society, Londoli,^’ 
vol. viii. 
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undergo extenBive fatty degeneration as the result of 
pericarditis. ^ The connection bAween flhese localised 
degenerations and rupture and aneurism of the heart 
is well hnown. € % * 

Brown Atrophy op the Heart. — Some what allied to, • 
and occasionally, associated with, fatty degeneration of the* 
heart, is the /wndition known as brown atrophy. This 
consists in a gradual atrophy of the muscular fibres, 
together with the formation of granules of brownish - 
yellow or blackish pigment. These granules of pigment, 
which are probably the colouring matter 
of the muscle, are either grouped 
in clusters around the nuclei, or more 
generally distributed within the fibre. 
The fibres are frequently, at the same 
time, the seat of more or less fatty 
degeneration^ (Fig. 14.) This change 
usually occurs as a senile one, or as a 
I)art of general marasmus from other 
causes. It is also met with in some 
.of hypertrophy. Its 

the granules of pig- recognition is in most cases impossible 

meut and the atro- without the aid of the microscope, 
phy of the fibres. ^ 

DECBNEE/lTIOir OF THE KIDNEYS. 

tornorplfosi&^xm degeneration of the kidneys 

frequently occurs as a result of infiam- 
mation of the organs. This^ secoyidary degeneration 
will be alluded to when treating of renal inflam - 
I mations. Primary fatty, degeneration is much less fre- 
quent. It must be borne in mind that the renal epithe- 
lium,vcry commonly contains more or less fat ; but it is 
only when this is excessive that it can be regarded as 
a diseased condition. This excessive formation of fat in 
the kidney is, I think, less common than is generally 
supposed. It is, however, occasionally Vet with in chronic 
dkeasos, especially in pulmonary phthisis. It is also 
a result of poisoning by phosphorus. 
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In simple fatty degeneration the change jp usually coil* 
fined to the epithelium of thf cortex. The cortex presents 
on section a somewhat yellowish-white surface, often 
slightly moltled, and this, in mr^t ci^scs, is most marked 
near the bases of the pyramids. There is no adhesion of 
the capsule or granulation of the* surface. This change 
appears to interfere but little, if any, with the functions 
of the organs, and in this respect it resembles the analo- 
gous change in the liver. It is not usually accompanied 
by albuminuria. 

CEREBUA.L SOFTENING. 

This is perhaps the most suitable place to speak of 
cerebral softening, inasmuch as fatty degeneration of the 
brain-tissue usually constit^utea a prominent feature in 
the histological changes. Softening of the cerebral sub- 
stance is essentially a necrotic process, and may result 
from all those conditions which interfere with vascular 
supply. The portions of the brain which are the seat of 
this change may be merely rather softer than the sur- 
rounding healthy tissue— breaking down more readily 
under a stream of water which is allowed to fall upon 
them — or they may be completely diffluent. They are 
never distinctly circumscribed, but pass by insensible 
gradations into the neighbouring tissue. 

Under the microscope the change is seen to consist in 
a disintegration of the nerve-tissue. The white substance 
of the fibres first coagulates, then breaks up into masses 
of various sizes (myeline), and these usually undergo more 
or less fatty metamorphosis. The cells of the neuroglia, 
the small blood-vessels, and, wben the grey matter is 
implicated, the large nerve-ceUs, are also involved, in the 
necrotic change. The tissue is thus converted into broken- 
down fibres, granular matter, and molecular fat, and 
amongst this are numbers of the large granular cor- 
puscles already alluded to (Fig. 15). These corpuscles, 
as previously stated, although formerly looked upoft as 
^he result of infiammation, appear to be simply conr 
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giom orations of granular matter resulting from the 
degeneration of eellular eleqients (see Fi§. 9), and in 
the .brain, whore they are much the most common, many 
of the granules* are probt^bly myeline and not 'fat. These 
corpuscles are exceedingly characteristic of cerebral soften- 
ing. They vary in size from to inch in diameter, 
and originate, plfccorijing to Virchow atid Eobin, from the 
cells of the iicuroglyi — the connective tissue of the brain. 
The small arteries and capillaries running through the 
softened part are many of them filled with granules and 
granular cells, the latter probably originating in the 


Fig. 15. 



Chronic White Softening of the Brain. — Show- 
ing the gi’aniilar corpuscles, broken-down nerve- 
iibres, and fat granules, of which tho softened 
substance is composed. One or two nucleated 
cells (probably nerve-cells) aro also visible. 

X 250. 

white blood-corpuscles which have accumulated in the part 
and undergone fatty changes. As the process proceeds 
the cerebral substance is completely destroyed and all trace 
of nerve-structure is ultimately lost.* 

Tho c colour of the softened portion varies considerably. 
It may reseiphlo that of the surrounding healthy tissue, 
or be of a yellowish or reddish tint. According to 

^ According to Prof. Oohnheim the granular corpuscles are 
whi^ M<lpd-<;clls impregnated with fatty or other particles derived 
from tho surrounding degenerated tissue.— Vorleaungen ueber Allg, 
rathologie, Band 1. 
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these variations in colour, cerebral softenings have been 
classified mte^wMte, ytllow, and red. The &lour depends 
in great measure upon the amount of blood contained 
in the par>, and on this account i^ important, as in- 
dicating the manner in which the softening has been 
brought about. • . 

White Soften{ng.r— This is, in the great ns^jority of cases 
a chronic process. It occurs especially in old people, 
and is usually due to that disease of the smaller cerebral 
blood-vessels and consequent interference with the circu- 
lation which is common as a result of age. The impair- 
ment of the contractile power of the heart must also con- 
stitute an auxiliary in the causation of the imperfect 
vascular supply. It is the gradual manner in which the 
supply of blood is diminished which accounts for the 
absence of hyperaemia or hmmorrhage, so that the colour 
of the softened portion either resembles that of healthy 
brain-tissue, or is an opaque dirty white. White soften- 
ing is sometimes acute, in which case it is usually due to 
the sudden obstruction of the circulation.by the impaction 
ot an embolus in one of the larger arteries. (See “ Embo- 
lism of the Brain.”) 

Yellow Softening , — This is, in most cases, simply a 
variety of the former process; in which, from the fine 
state of division and close aggregation of the granular 
matter, a dead yellowish-white colour is imparted to the 
softening tissue. This colour is probably often partly 
owing to the jfresence of altered blood pigments, the 
result of some previous slight extravasation. The pig- 
ment may sometimes be seen as fine dark granules, scat-, 
tered through the cells of the neuroglia and the nerve- 
cells of the grey matter, where at first sight thqy look 
like fatty particles : they are distinguished, however, by 
their dark black colour, A softening of the brain more 
rapidly induced, as by embolism or thrombosis, may also 
occasionally be of a yellow colour. This, however, is only 
the case when the softened portioii has attained a*certe>in 
age, and much of the extravasated blood has been re- 
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*ioved by absorption. Lastly, a condition of gelatinous 
oedema of a yellow colour, which* has beelli described by 
Eokitansky as often being present in the immediate 
vicinity. of cerebral, tuiijonrs, has been regarded as a 
variety of yellow softening. 

Ued Softening . — This is commonly a mdi*o acute affec- 
tion, most frcqjftently dependent upon vascular obstniction, 
either from embolism or thrombosis. There is collateral 
hyperasmia, rupture of capillaries, and extravasation of 
blood ; the softened tissue is consequently of a deep red 
colour. These forms of softening will be described in the 
chapter on “ Embolism.** Red softening is also sometimes 
associated with the chronic white variety, some of the 
diseased vessels giving way, and thus extravasation of 
blood taking place into the already softened tissue* 
Lastly, red softening maybe inflammatory. (See “In- 
flammation of the Brain.”) 



CHAPTER VI. 

MUCOID AND COLLOID DEGENERATION. 

Under this hoad is included a class of morbid changes 
which are characterised by a peculiar softening of the 
tissues. Colloid and mucoid degeneration have frequently 
been described under the common term of “ colloid soften- 
ings/* but, although they are very closely allied and 
sometimes associated, they appear to constitute two 
distinct processes ; the former affecting more especially 
the cells, the latter the intercellular substance. 

Mucoid Degeneration. — This consists in'the transfor- 
Tiiation of the albuminoid constituents of the tissues into 
wucin, owing to which they become converted into a 
material of a soft, mucilaginous, jelly-like consistence. 
This is the condition of nearly all tissues in their imma- 
ture or foetal state: the connective tissues in the foetus 
consist almost entirely of this soft mucin-yielding sub- 
stance. Some tissues retain these characters after birth. 
The umbilical cord, and the vitreous humour of the eye, 
are both composed of this substance. 

A mucoid change occurs as a physiological process 
in the secretion of mucus. The newly-formed « cells 
undergo mucoid transformation, which results in their 
destruction, and the mucus is thus liberated. It is con- 
sidered probable by some that the cells may also evacuate 
the mucus without being destroyed. This process occurs 
much more rapidly in all catarrhal conditions of the 
mucous membrane. 
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As a pathological process imicoid degeneration affects 
csf>ccially tire intercellular substance. Tie intercellular 
substance of the f.onnective tissues in their fully de- 
veloped state consists pf gelatin and chondrin, and the 
mucoid change is thus a reversion of this substance to its^ 
foetal conditioi\. t * 

Mucin is ^oscljr allied to albumen, more so than to 
either gelatin or chondrin : it differs from it in not con- 
taining sulphur. Like albumen, it is only met with in 
alkaline fluids — ^being held in solution by the free alkali — 
from which it is precipitated by dilute acetic acid. It 
differs from albumen in beirlg insoluble in an excess of 
the acid, and also in not being precipitated by boiling, 
by tannin, or by bichloride of mercury. Its behaviour 
with these two reagents will also distinguish it from 
gelatin and chondrin, which are both precipitated by 
them. 

The mucoid change is by no means a common one. It 
is most frequently met with in cartilage, especially in the 
inter- vertebral and costal cartilages of old people. It also 
occurs in serOus membranes, in bone, and in many of the 
new formations, especially in those of the connective 
tissue class. .Wherever it occurs it produces softening 
of the affected parts ; which are transformed into a homo- 
geneous, colourless material, of a soft mucilaginous 
jelly-like consistence. If the change is limited to isolated 
portions of the tissue, the softened parts surrounded by 
those which are unaltered, often present the appearance 
of cysts. These cyst-like formations containing mucoid 
, substance are not uncommonly met with in the costal 
cartilages and in new growths. 

to the cause of the mucoid change, nothing is 
•known. 

G0LT.01D Deqbnekation.— This differs from the former, 
inasmuch as it is the cells which are more especially in- 
volved in the process. 

tThe change consists in the metamorphosis of the albu? 
mingid constitnents of the cells into a substance known 
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as colloid material. Colloid closely resembles mucin, but 
it differs from ix chemically, in^outaining sulpmir, and in 
not being precipitated by acetic acid, tit is a colourless, 
transparent, listening material ofjjbhe qpnsistcnce of jelly 
ar half-set glue. It makes its appearance within the cells 
as small lumps, 'which gradually incfease irw size, pushing 
the nucleus to one side, until they com jjletelJi fill the cell. 
(Fig. 16.) The cells are thus destroyed, and converted 
into colloid masses. The small colloid masses sub- 
sequently swell up, coalesce, and so 
form larger masses of firm, transpa- 
rent, yellowish, jelly-like material, 
which are readily to be recognised by 
the naked eye. As the colloid matter Vv' ^ 
increases, and the cells are destroyed, 
the intercellular substance atrophies 
or softens, and in this way cyst-like l , ) ^ | 

cavities arc formed, within which is 
contained the gelatinous substance. f ^ ) 

li <?re it may subsequently undergo a 
process of liquefaction. (See Fig. 58). 

The colloid change is most common Colloid Cells, from 
in enlarffements of the thyroid gland 
<;^oitre), in the lymphatic glands, in 
the choroid plexus, and in many of the new formations. 
(See “Colloid Cancer.”) Its causes and nature are as 
obscure as those of the allied mucoid softening. 

It is when occurring in new formations that these two 
forms of degeneration assume their most important 
aspects. Certain varieties of tumours may originate as 
mucoid or colloid growths, or may subsequently undergo 
these morbid transformations. The mucous tum^mrs 


(myxomata), which resemble in structure the umbilical 
cord, consist entirely of a gelatinous mucin-yielding sub- 
stance. The sarcomata, lipomata, enchondromata, and 
the cancers may also become the seats of these forms of 
softening. Such growths have sometimes been describeJft 
as gelatiniform or colloid cancere, this term having been 
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•applied to^em without any regard to their structure or 
real natnr^ Cancers, it truJ, may undergo a colloid 
change (see “ Colleid Cancer”) ; but it is by no means 
true that all tuuKjurs |possessing these soffr gelatinifonii 
characters are cancers. The terms “ mucoid” or “ colloid” 
applied to a ^jew grewtli merely imply Certain physical 
and chemicqj* characters, and convey but little informa- 
tion as to its real^ature. 

MUSCULAJl CHANGES IN TYPHOID FEVER. 

Allusion must be made here to a change met with in 
the muscles in typhoid fever, and occurring under certain 
other conditions, which was first described by Zenker, 
and which has been supposed to be somewhat allied to 
colloid degeneration. This change, when occurring in 
typhoid, is most marked in the recti muscles of the 

Fio. 17. 



, ^ Portion of the Soleus Muscle from a Case of T^hoid 
hVrer. preparation teased after treatment with Muller’s 
Fluid. X 20U. Reduced J. 

GoiJiOij* the adductors of the thigh, andinthediaphragm. 
inasmuch as iif muscle affected are paler than natifral, of 
volved in the proc. brownish-yellow colour, and abnormally 
cThft change cons-he microscope, the altered fibres are 
minpid constituents 
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mncli swollen, tLe transverse strlation is lo^ and the < 
sarcolemma is Socupiedl^y a homogeneous, struotureles*s 
material. This material is exceedingly brittle, and, as 
nsually seen, presents a wrinkled appearance, or is broken 
up transversely into several irregular fragments. (Fig. 17.) 
The fibres are ne^er universally affected, but^any normal 
are associated with altered elomentj. ^is change 
necessarily impairs the contractile powjr of the muscle, 
and it often leads to rupture of some of tho fasciculi 
and hoBmorrhage. The now material appears to be 
readily absorbed, and the lost fibres to be quickly re- 
generated. 

With regard to the nature of the change, but little is 
known. Although most frequent in typhoid, it occurs 
occasionally in other severe febrile diseases. It is also 
described by Cornil and Ranvier as sometimes occurring 
ill muscles in the neighbourhood of abscesses, of inflamed 
bone, and of tumours. Muscles which have been bruised 
or otherwise injured, whether before or after systemic 
death, occasionally exhibit a similar change ; and Prof. 
Oohnheim considers that it is probably merely some 
disturbed form of post-mortem coagulation of the 
muscle. Whether this be so, or whether the change is 
due to some abnormal chemical process taking place in 
the muscle during life, must in the present state ol our 
knowledge remain uncertain. 



CHAPTER VIL 

LAEDACEOUS DEGENERATION. 

Lardaceous degeneration, whicli is one of the most im- 
portant of the degenerative processes, is an alteration in 
the tissues characterised by the appearance in them of a 
peculiar homogeneous translucent substance closely allied 
to albumen, by which their vitality becomes diminished 
and their functions impaired. It is often known as the 
amyloid change, this name having been applied to it by 
Virchow, from the supposed resemblance of the new 
material to cellulose or starch. The term lardaceous 
originated in the fact that the affected organs have some- 
what the appearance of lard or wax, and as being that by 
which it is perhaps most generally known, it is hero 
adopted. 

This form of degeneration is very rarely a primary 
affection, but almost invariably occurs as the sequel of 
some other disease. There are two conditions which 
appear to be especially concerned in its causation — 
suppuration and syphilis. It is in those diseases which 
are attended by profuse and long-continued suppuration, 
such as chronic diseases of bone^ empyema, chronic dis- 
in^grative diseases of the lungs, chronic pyelitis, and 
chronic intestinal ulceration, that the lardaceous change 
is most frequently met with. It also occurs in the ad- 
vanced stages of syphilis, but especially in those cases in 
whi dv there is chronic bone disease or chronic ulceration, 
^n quite exceptional cases it is met with in the absence of 
either of these conditions. 
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Nearly every iorgan ai^d tissue may be the *i&at of the 
change ; those, however, in wMch it is especially prone to 
occur are th^ liver, the spleen, the ly'fkphatic glands, the 
kidneys, and the intestines. It is niet w4th less frequently 
yi the stomachj in the supra-renal capsules, in the 
pharynx, the oesophagus, in the b*iadder, 'prostate, and 
generative organs, in serous membraties, fh the mem- 
branes of the brain and cord, and iif muscle. It also 
occasionally affects pathological products, as thrombi, 
inflammatory exudations, &c. It is rarely limited to one 
organ, but several organs are almost invariably simul- 
taneously affected by it. 

Respecting the nature of the new material which exists 
in the tissues, the analyses of Kekul6 and Schmidt show 
that it is a nitrogenous substance closely allied to albu- 
men. The conclusions arrived at by these observers are, 
however, not satisfactory, as they were unable completely 
to separate the substance from the tissues. More 
recently, KUhne succeeded in more completely isolating 
He submitted the affected organs to a process of 
ai%ifioial digestion, and inasmuch as the lardaceous 
substance is not dissolved by digestion with pepsin, it 
was thus obtained free from the tissues in which it was 
contained. The result of Kuhne’s analyses is very 
similar to those of Kekuld and Schmidt. Dr. Dickinson 
regards the new substance as fibrin deprived of its 
alkaline salts. The investigations of Dr, Marcet* show 
that the affected organs are considerably deficient in 
potash and phosphoric acid, whilst they contain an excess 
of soda and chlorine. In conclusion it may be stated 
that, although the precise composition of the lardaceous 
substance has not yet been determined, the results of “the 
several analyses appear to justify the opinion that it is 
some modification of albumen. 


♦ See ‘"Report of Committee onXordaceous Disease," Trom, 
Soc, LonU, 1871. 
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^ The characteristic featu^ of the^lardaceous sub- 
stance is the peculiar reao4ion which it gives with iodine, 
and with iodine ‘^and sulphuric acid. If an aqueous 
solution of iodine — ulade with the help of potassium 
iodide — be applied to a lardaceous orgjin, the affected 
portion changes to a*deep reddish-brown colour. This is 
not permaiftnt, hut gradually passes off, and the part, 
regains its former appearance. If the application of the 
iodine be followed by the cautious addition of sulphuric 
acid, a blackish-blue or violet tint is produced. This 
latter reaction, however, is not easily obtained, consi- 
derable nicety being required in the application of the 
reagents. The following is the method for obtaining it, 
■recommended by Professor Virchow : — A dilute aqueous 
solution of iodine must be allowed to soak well into the 
tissue, the excess must be poured off, and a single drop 
of concentrated sulphuric acid gradually added, when a 
blue or violet colour will bo produced, either at once or 
after some time. In the hands of English pathologists this 
latter reaction has certainly met with but little success ; 
and if the colour be obtained, it is by no means saHs- 
factory, and more nearly resembles a black than the blue 
which has been described. Fortunately, however, the 
reaction with iodine alone is sufficiently characteristic, 
and the attempt to obtain the blue by the subsequent 
addition of sulphuric acid, is therefore quite unnecessary. 
If the change is at all advanced, the reddish-brown colour 
will be produced by merely pouring the aqueous solution 
of iodine over the cut surface of the organ ; but in slighter 
degrees of the affection, thin sections must be made with 
a Valentin’s knife, and well washed with water to remove, 
the blood, before the coloration with iodine can be ob- 
tained. 

Certain other forms of altered albumen exhibit a 
similar colour when treated with iodine, so that this 
reaction cannot be regarded as absolutely characteristic. 
Recently M. Oornil has diicovered another property of 
the lardaceous substance, which consists in the deep 
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violet staining which the affected tissues undergo when ^ 
treated with a Solution f)f methyl aniline. This reaction 
appears to be valuable, inasmuch as the staining is 
much more permanent than thali caused by iodine, and 
4;hus is more suited for microscopical purposes; and 
as the iodine feaction can be obtained wijh other albu- 
minous bodies, M. Cornil’s method is espeoially valuable 
as a confirmatory test. 

The lardaceous substance usually maTfes its appearance 
first in the small arteries, the cells of the intima and of 

Fm. 18. 



Lnrddceom Liver Cells, a. Single colls, ft. Cells 
which have coalesced, x 300. (Rindfleisch.) 


the muscular coat being first affected, then the remaining 
structures of the artery. When the vessels have become 
involved the new material* appears in the immediately 
surrounding parts, both in the cells and in the inter- 
cellular substance. The change may thus involve the 
whole organ, or it may be limited to certain portions. In 
the spleen, for example, it is frequently limited to the 
Malpighian corpuscles ; and in the liver to the cells in the 
more immediate vicinity of the hepatic artery. ^ 

The alterations produced in the tissues by this degenera- 
tion are very characteristic. The cells gradually increase 
in si^e, they lose any irregularities in their contour, and 
become rounder and more regular in shape, their nuclei 
disappear, and the whole cell is converted into a structuie- 
less homogeneous body which has a peculiar translucent 
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I glistening^ppearance. (Fig. 18, a.) If the cells are in 
clt)se cont^ many of •them maf coalescfe, and their dis- 
tinctive boundaries thu& become obliterated. (Fig. 18, &.) 
The intercellular substance in the same way acquires a 
homogeneous glistening appearance. The walls of the 
small arteric^j—in which, as already stated, the change 
usually comjaences — become considerably thickened, the 
cells of the muscujar coat enlarge and ultimately coalesce, 
the calibre of the vessel becomes diminished, and the cir- 
culation through it is consequently impeded. (See Fig. 20.) 

Organs in which this change is at all advanced, present 
features so characteristic that its nature can be readily 
recognised by the naked eye. They are usually consider- 
ably increased in size ; their absolute weight is increased, 
and also their specific gravity ; their surface is smooth, 
and the capsule tense and stretched ; their consistence is 
firm and somewhat elastic. On section they exhibit a 
peculiar homogeneous, glistening, translucent appearance, 
somewhat resembling wax or glue. Owing to the dimi- 
nished calibre of their blood-vessels and to the pressure 
exercised by the new material, they contain but little 
blood, and hence are always pale in colour. Although the 
abo^e characters are often sufficiently marked, they should 
always be confirmed by the application of iodine or 
methylaniline to the cut surface of the organ. In slighter 
degrees of the affection, when the physical characteVs are 
but little altered, the application of these reagents may 
become necessary in order to discover the presence of the 
new substance. 

^ The effect of lardaceous degeneration is to impair or 
even to . completely destroy the nutrition and function 
of those organs which are affected by it. This is 
owing to two causes — the obstruction offered to the cir- 
culation, and the injurious influence of the new material 
upon the vitality of the affected cells. The obstruction to 
the circulation, which results partly from the diminution 
iUfcthe . calibre of the small arteries, and partly from the 
general pressure exercised by the new substance, causes 
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an insufficiency^in the supply of arterial blood^^ As a con- , 
sequence of this, the cells teipd to undergo fatty meta- 
morphosis, which indeed is freqnentl3'^ssociated with the 
lardaceous change. As this fofm qf degeneration is 
tilmost invariably secondary to some grave constitutional 
state, it can rarely be looked upon •as in itjself a cause of 
death, although it may materially hasljpn, ai^d even deter- 
mine, the fatal termination. 

. Having thus described the nature of the lardaceous sub- 
stance, and the way in which it makes its appearance in 
the several tissues of an orgafi, it remains to consider the 
source from which it is derived. The disease has usually 
been regarded as an infiltration, as the deposition in the 
tissues of some new material derived from the blood. 
'Phis view is based upon the way in which the several 
tissues of an organ are affected, the change usually com- 
mencing in the small nutrient blood-vessels, and extending 
from them to the surrounding parts ; upon the general 
character of the affection, several organs being simulta- 
neously involved ; and upon the fact that the disease is 
::lmost invariably secondary to ehronic suppuration or 
syphilis. The existence, however, of any albuminoid 
substance in the blood which resembles the lardaceous 
material in its chemical reactions, has never been made 
out even in the most marked cases of the disease. This 
. fact must therefore negative the supposition that it is a 
simple infiltration. If the new material be derived from 
the blood at all, it must undergo some chemical change 
subsequently to its deposition in the tissues. Dr. Dickin- 
son considers that it is dealkali sed fibrin, which is depo- 
rted in consequence of the loss of the alkali which it 
m^aifdly contains. This loss of alkali he attributeg to 
the cBk^nic suppuration which usually precedes the 
disease, pus containing largo quantities of potassium and 
Bodiuip salts. He consequently terms the disease “ depu- 
rative infiltration.’** Whatever be the exact nature of 
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the chang«^it is jirobably due to some abnormal state of 
tfie blood; although whe^ier tfie new substance found 
in the organs is th deposition, or an altered condition of 
the alhumen of tlj^e tis!*ues due to the altered blood, must 
for the present remain uncertain. 

LAin?ACEOUS DEGENERATION OF THE LIVER. 

9 

The liver is o^jic of the most frequent seats of the 
lardaccous change, and herd, as in other parts, it probably 
commences in the small nutrient blood-vessels, although 


Fio. 19. 



iMrdacemm Liver, A portion of one lobule, showing the 
enlargement and fusion of the hepatic cells, and the greater 
imiilication of the intermediate zone of the lobule. At the 
more external portion of the lobule are seen several fat 
colls, a certain amount of fatty infiltration being associated 
with the krdaceous change, v. Hepatic vein, x 100. 

the alterations are much the most marked in the hepatic 
cells. If a liver bo examined in the earlier stages of the 
affection, and the iodine solution applied to thin washed 
sections of the organ, it will be found that the character- 
istic staining is limited to certain portions of the lobules — 
viz., to those which are situated between their external 
Ifud central parts. This intermediate portion corresponds 
with the distribution of the hepatic artery, and the .rami- 


LARDACEOUS DEGENERATION. 


76 


fications of tlys vesHel. together with the hepatic cells' 
situated in their vicinity, arCfthe first to become aifected. 
(Fig. 19.) As the change advances the whole lobule may 
ultimately become involved. The ftlteriitions in the hepatic 
•cells are very ^characteristic. They are much enlarged, 
irregular in outline, their nuclei are imperceptible, and 
rnaiiy of them arc fused together into irrVgular-sliaped 
n asses. (See Fig. 18.) j 

The earliest seat of the lardaceoua change thus differs 
rom that of the fatty. In fatty infiltration it is the most 
^ ;'itoriial portion of the lobule in which the fat first accu- 
, mulates — that which corresponds with the distribution of 
? ho portal vein. (See Fig. 8.) It differs also from that 
pigmentation of the hepatic cells, resulting from me- 
chanical congestion, which takes place in the most central 
riortion, around the hepatic vein. (See “ Nutmeg Liver.”) 
Til us in each Hepatic lobule three zones may be distin- 
uished; — an external one, which is the chief seat of 
» he fatty change ; a central one, which is the chief seat of 
’^'•gmentary change ; and an intermediate one, which 
is t* chief seat of the lardaceous change. These three 
ones, indeed, may frequently be recognised by the naked 
eye, the pale opaque external one contrasting strongly 
with the intermediate one which is translucent, and with 
the darker central one. In the most advanced stages 
of the disease, however, both the external and central 
portions of the lobule may become involved, and the 
cut surface present an almost uniformly homogeneous 
appearance. 

The lardaceous liver is increased in size, often very con- 
siderably so ; it may be so large as almost completely to 
fill the abdominal cavity. The enlargement is uniform, 
and hence the natural configuration of the organ is but 
little altered. Its weight is increased, and also its specific 
gravity. Its edge is rounded, the surface is smooth, and 
the capsule appears tense and stretched. The consistence 
is firm and elastic. The cut surface is dry, bloodlefc, 
smooth, translucent, and waxy-looking, and of a pale 
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•reddish-gr^ or dirty yellow coloiy. If change is very 
far advanced, the tissue may he perfectly homogeneous, 
all distinction between the individual lobules being lost. 
In other cases the loliules are distinctly mapped out; 
they are enlarged, and the external zone^ may be of an 
opaque yellowish-while colour owing to the presence of 
fat. This association of the fatty and lardaccous changes 
is exceedingly common. Lardaceous degeneration does 
not obstruct the portal circulation, and hence docs not 
cause ascites. It impairs the vitality of the hepatic cells, 
and thus interferes with the functions of the organ. 


LAKUACEOUS DEGENEBATION OP THE KIDNEYS. 

The kidneys are very liable to be involved in the lar- 
daccous change, and here it is the smaller blood-vessels 
which are more especially aiSected. It may constitute in 
them the primary lesion, or it may occur subsequently to 
inflammatory conditions implicating the secreting and in- 
terstitial structures. As a primary change it is an impor- 
tant variety of Bright’s disease. 

The process usually commences in the tufts of vessels 
which form the Malpighian bodies, the walls of which 
become thickened by the new material, so that the tufts 
are increased in size. It then involves the small afferent 
arteries, and ultimately the vasa efferentia and the 
arteriola) rect© which run through the medullary portion 
of the organ. The changes produced in the vessels are 
very characteristic. Their walls are considerably thickened, 
and their calibre is so much diminished that the smallest 
ones cannot be artificially injected. This thickening of 
the walls of the vessels is mainly owing to alterations in 
their muscular coat, and especially to the cells of the 
circular muscular layer. These cells are much increased 
in size, they are more or less globular in shape, and many 
of them have lost their distinctive outlines. The longi- 
tudinal muscular fibres and the most internal coat of the 
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vessel are often seen as one homogeneous, glistening, t 
structureless layer. (S^g. 20^) After the vessels haPvre 
become affected, the intertubular tisaij^es of the cortex are 
involved, an(> in some cases the lepithelium of thp tubes 
iulso undergoes the lardaceous change. In the earlier 
stages of the process, however — if the o^gan is not the 
seat of any other morbid change — the tuj^es and their 
lining epithelium present a perfectly i^ptural appearance. 

Fig. 20. 



lAirdticeovs Derjeneration qf a Maljnghian Tt{ft and ^all 
Artery of the Kidney. Showing the tliickeniug of the walls 
of the vessel, the enlargement of the colls of the circular 
muscular coat, and the hoinogenoous layer formed by the 
iiitima and longitudinal muscular fibres, x 200, reduced 

Many of them contain pale hyaline casts, which also appear 
in the urine. These, however, are probably simply exuda- 
tion products ; although, from the reaction they occasion- 
ally exhibit, it appears that they sometimes consist olt the 
same material as that which permeates the vessels and 
intertubular structures. As the change proceeds, and the 
new material increases in amount, the tubes become com- 
pressed, and in many places completely obstructed. «If 
the compression is not uniform, they may dilate and 
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•form small cysts. The epithelium, whi(^h was at first 
ncfrmal, owing to the in^rferellce with its nutrition, 
ultimately atrophies and undergoes fatty changes. In 
some (^ascs it appearii to be the seat o^ a catarrhal 
process, and the tubes are found blocked with the epi-« 
tholial products. In the later stages of the process there 
is almost invgrriablj^ an increase in the intertubular con- 
nective tissue. ^ 

The first effect of this change is to obstruct the circu- 
lation in the cortex. The blood-vessels, diminished in 
calibre, allow little but the liquor sanguinis to pass 
through them, the passage of the blood- corpuscles being 
to a great extent prevented: hence the pallor of this 
portion of the organ. The arterial walls are so altered 
that fluids and albumen readily permeate them ; and 
thus is produced the large quantity of urine, loaded with 
albumen, which characterises the earlier stages of this 
affection. As the change proceeds, and the tubes 
become obstructed, the urine diminishes in quantity. The 
ixcretion of urea is less interfered with than in other 
brms of Bright’s disease, and hence symptoms due to its 
etention seldom occur. Tube casts are rarely numerous ; 
ley are for the most part hyaline or finely granular, 
lough sometimes they are covered with fatty epithelium. 
In the earlier stages of the affection, the cortex of the 
dney is merely rather paler than natural, and perhaps 
mewhat firmer in consistence; but otherwise it pre- 
nts no abnormal appearance. It is only upon the appli- 
tion of iodine to the cut surface, or to thin washed 
jtions of the organ, that its diseased condition becomes; 
'dent. When this test is employed, the Malpighian 
lies at once become apparent as minute red points 
•ttered through the cortex. As the’^disease advances, 
» size of the organ increases ; the enlargement, how- 
ir, is principally confined to the cortex. The surface is 
>oth, and the capsule separates readily. The enlarged 
bex is remarkably pale and anaemic, and has a peculiar 
islueent, homogeneous, wax-like appearance. Its con- 
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sistence is and firm, A few scattered vessels may • 
be seen on the surface* and Jhe bases of the pyramids 
sometimes exhibit an increased amqjint of vascularity. 
If iodine be poured over the cut ^rface, the Maljjighian 
bodies and the arteries of the cortex become mapped out 
alniost as clearly as in an artificial infection.* The enlarged 
Malpighian bodies m*ay indeed usually J )0 sC^n as glisten- 
Irv. points before the iodine is applied^ Frequently, the 
.>iogeneous appearance of the cortex is interrupted by 
aiaute, opaque, yellowish- white lines and markings; 

^ t ■ jse are produced by the fatty changes in the epithelium 
of the tubes, which so commonly occur in the later stages 
. -f the affection. Ultimately the capsule becomes more 
ji* less adherent, and slight irregular depressions make 
.. their appearance upon the surface of the organ: the 
Js^'iatter arc due to atrophic changes in some of the tubes. 

' ' if, is usually the case, the process is associated 
> with an increase in the intcrtubxilar connective tissue, the 
; af rophy of the organ will be more marked. (See “ Inter- 
si itial Nephritis.”) 

" LAllDACEOUS DEGENERATION OP THE SPLEEN. 

Lardaceous degeneration of the spleen is met with in 
t .vo forms — one in which the disease is limited to the 
-d alpighian corpuscles — the “ Sago Spleen,” and the 
other in which the pulp appears to be chiefly implicated. 
The former is much the more common condition. In 
it the Malpighian corpuscles undergo the lardaceous 
change, and become converted into translucent wax-like 
bodies, much like boiled sago; hence the name. The 
process commences in the small arteries of the corpuscle, 
and then the lymphatic cells of which the corpuscle is 
made up are involved ; they increase in size, become more 
irregular in outline, many of them coalesce, and ulti- 
mately the whole is converted into a pale, firm, translu- 
cent, glistening mass. (Fig. 21.) 

The sago spleen is more or less enlarged ; its weight 
and density are also inci’eased. The cut surface is smooth, 
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> dry, and studded all over with small glistening sago-like 
bodies, varying in size fr^m >a *millet to a hemp-seed, 
which are stained .a reddish-brown colour by the iodine 
solution. These ^majl become so large to occupy a 
large portion of the organ, although in earlier stages of 
the affection Ahey arfi §o minute that tlfey can only be 
seen in thin ^ctio^a of the tissue. 

* Fig. 21. 



Lardaceom Degeneration of the Spleen — ^^Sngo Spleen'* A 
portion of ono of tho altered Malpighian corpuscles, a, with 
the adjacent normal splenic tissue, b. >Showiug th(3 jjicrcaso 
in size, and in man}' parts, the coalescence of the C(dls, of 
which tho corpuscle is composed, x 200, 

In the other variety of lardaceous spleen, the pulpy 
parencliyma between the corpuscles is principally affected. 
This is probably merely an advanced stage of the former 
condition, in which the disease extends from the cor- 
puscles to the surrounding pulp ; the whole organ being 
ultimately involved. Under these circumstances theT 
organ often attains a considerable size, much larger than 
is met with in the sago spleen. It is remarkably hard 
and firm, and the capsule is tense and transparent. On 
section it presents a dry, homogeneous, translucent 
bloodless surface, of a uniform dark reddish-brown colour. 
Thin sections can be readily made with a knife, the .organ, 
cutting like soft wax. The corpuscles are not visible as 
iti the former variety, being probably obscured by the 
surrounding pulp. 
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LAllDACEOUS DEGENERATION OE LYMPHATIC GLANDS. 

In the lymphatic glan^silh% process much resembles 
that in the spleen. The small arteyies ui connection with 
the follicles of* the* gland are the ^arl^st seats oi the 
change } and from these it extends to the lymphoid cells. 
The follicle thu9 becomes ^iltimately converted into a 
small homogeneous mass. ^ % 

The glands are enlarged, and on section the minute 
wax-like bodies can often be seen scattered through 
the cortex. The cut surface is smooth, pale, ^nd trans- 
lucent. 

As these glands are largely concerned in the formation 
of the blood-corpuscles, their implication in the lardaceous 
change must to a large extent aidin prodnci ng the enui- 
ciation and anaemia which characterise’ this affection. 
The same is true of the spleen, which is usually simijl- 
taneously involved. 

LARDACEOUS DEGBNEKATION OP THE ALIMENTARY CANAL. 

'i 'he whole of the alimentary tract may be the seat of 
tht lardaceous change, and here it assumes an important 
aspect from the deleterious influence which it exercises 
ui>on the absorbent and secreting procestfes, and from the 
ct/iisequent impairment of the general nutrition which 
results. The disease, however, in this situation is very apt 
to escape observation, as it produces but little alteration 
in the appearance of the parts. The mucous membrane ' 
may look somewhat pfile, translucent, and oedematous, 
but otherwise to the naked eye nothing is discoverable. 
It is only upon the application of -iodine to the washed 
mucous surfaces that the nature oi the ahange becomes 
apparent. In the small intestine — which is perhaps the 
part most commonly affected— the .effect of the applica- 
tion of iodine is very chi^racteristic. A number of small 
reddish4)rown points appear over the whole surface of 
the membrane ; these correspond to the intestinal villi, 
the arteries and capillairies of which have "undergone* 
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tlie lardg.ceous change. In the stomach and oosophagns 
the vessels are mapped ou|||iit a similar n^anner by the 
iodine solution. The change in the intestine gives <rise 
to serous diarrhoea, (this being probably due to an in- 
creased permeability of the degenerated walls of tjie 

vessels. < • 

• • * 

« ,TUE CORPORA AMYLACEA. 

The corpora amylacea or " amyloid bodies,” so fre- 
quently met with in the nervous system, in the prostate, 

• and in other parts, have usually been looked upon as more 
or less allied to the lardaceous substance ; there appears, 
however, with the exceptionof*a certain similarity in their 
behaviour with iodine and sulphuric acid, to be no con- 
nection between them. 

They are round or oval bodies, formed of a succession 
of concentric layers, and are often changed to a deep blue 
colour by iodine^ thus bearing, both in their structure and 
chemical properties, the strongest resemblance to granule, s 
of vegetable starch. (Fig. 22.) Sometimes, however *, 
the blue is only exhibitec I 
after the subsequent addition: 
of sulphuric acid, and thus a } 
resemblance is shown to the \ 
lardaceous substance. They 
vai^ in size from micro- 
scopic granules to bodies 
which are ifiistinctly visible 
■ Corpora Amyiaoem from the to the naked eye ; sometimes 
nvMe. (Virchow.) mnch as one or two 

lines in diameter. The larger ones are usually formed 
by the conglomeration nf the smaller granules, which are 
oden enclosed by a common envelope. 

They occur especially in conditions of atrophy or 
softening of the" nervous system ; the ependyma of the 
ventricles, the white substance of the brain, the chof![)id 
^ pl^us, the optic nerve and retina, and the spinal cord 
being their favourite seats. The larger forms are met 
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with most frequently in tl^e prostate. Wie prostate of 
nearly every adult contSini sc^e. of these bodies ; arfd 
they may accumulate here to such an, extent as to form 
large concretions. Tliey are ocqasifenall^ met with jn the 
lungs, and in mucous and serous membranes. 

As has been ^aid they usually dxhibjt 9 . bright blue 
colour upon the application of iodine alone^although in 
some cases not until 1}he subsequent adc^tion of sulphuric 
•acid. Many of them, however, are coloured green, or 
even brown by these reagents. The green is due to their 
admixture with nitrogenous matters, which give a yellow 
colour with iodine, and hence the combination yields a 
green, ^'he greater the amount of nitrogenous matter the 
more brown does the colour become. 

From the laminated structure of these bddics they 
would appear to be formed by the gradual precipitation 
of some material, layer by layer, upon t^ surface of pre- 
existing particles. The nature of the material, however, 
docs not appear to resemble that of the substance met 
wi^h in lardaceous degeneration. The two processes are 
so ossentially different, both in the circumstances under 
which they occur and in the characters and seat of the 
morbid products, that they cannot be looked upon as in 
a‘iy way analogous. Lardaceous degenera4ion is a general 
change^ whereas the formation of the corpora amylaoea is 
evidently of a local nature. The latter is often preceded 
by those loc^l atrophiq changes associated with advanced 
life, and appeal's to, consist in the depoi^ition of some 
starch-like material, probably liberated in the tissues 
themselves, upon any free body which may exist in its 
vicinity. 

The corpora amylacea, especially those occurring in 
the choroid plexus and in the lateral ventricles, are very 
liable to become calcified, and Jbhey then constitute one 
f#m of “ brain sand,” which is so often met with in these 
situations. 
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CHAPTER VIII. 

CALCAREOUS DEGENERATION. 

Calcareous Degeneration — or, as it is more coinnionly 
called, Calcification — consists in the infiltration of the 
tissues with calcjireous particles. Physiologically, an in- 
filtration of calcareous particles takes place in the forma- 
tion of bone, in i^hich lime and- magnesian salts aredepo* 
sited in the fibrous dr cartilaginous matrix. This physio- 
logical is precisely similar to the pathological process. It 
is important, however, to distinguish simple calcification 
from ossification. In the latter there is not only a depo- 
sition of lime salts, but an active change in the tissue 
itself — a proliferation of the cellular elements, an intim .te 
union of the calcareous matters with the tissue, and the 
formation of a true osseous structure in which the cal- 
careous particles are not visible. Calcification, on the 
other hand, is a purely ’passive process : there is no in- 
creased nutritive activity of the part, no multiplication of 
elements, no alteration of the structuire, but merely an 
infiltration^ with calcareous particles. 

An infiltration and deposition of calcareous substances 
occurs under two* opposite conditions : • one — in which 
there is an absolute increase in the amount of these con- 
stituents in the blood, and a portion of the excess becomes 
deposited in the Ussues ; the other — in which there is^io 
such increase, but the deposition takes place owing to 
wiome alteration in the tissue itself. That the calcareous 
.jmrticles are in all cases brought to the part, and are not 
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simply tb^se nonmally contained in it which hate become < 
precipitated, is shown 5y th% fact that their’ quantity 
greatly exceeds that of healthy tissue. • 

An absolute* increase of the salfiie constituents v^the 
Wood, and the deposition of the 'excess in th^ tissues, is 
inuch the less frequent form of calcification. • It occurs in 
soivio forms of softening of bone, especyiHy Sn extensive- 
Ct/ ies and osteomalacia. In these. disca.ses the lime salts 
xvo rcmovt’d from Jho bone, returned into the bldod, and 
{'..•me of them deposited in other tissues. In such cases 
. ‘.e calcification is usually more or less general — ^many 
;*gaus being simultaneously involved. In osteomalacia 
. i. is not uncommon to find the kidneys, the lungs, the 
'iomach, the intestines, and even the dura mater and 
w>er, inhltrated to a greater or less extent with lime salts, 
/sie deposition takes place in the tissue immediately 
rrounding the blood-vessels, through the walls of which 
^ » 0 calov^reous matters transude ; — thus, in the lungs the 
'at ( f the change is the interlobular tissue ; in the 
mac|;, the strpma between the glands; and in the 
jUney, the. tubuli uriniferi and the intertubular tissue. 

A nalogous to this form of calcification is the deposition 
^ th excess of urate of soda which takes plac^ in gout. 

fn ch^. great majority of cases, hoVt^over, calcification is 
a local change, depending not upon any alteration in the 
composition of the blood, but upon changes in the tissues • 
thei selves, owing to which some of the saline matters 
which are normally held in solution in the blood are de- 
posited in them. The alteration in the tissues consists in 
some enfeeblement of the nutritive processes, associated 
with a diminution in the amount of b^od, and a retarda- 
tion of its circulation. Calcification is therefore very i^e- 
quent as a senile change, and is especially common in the 
arteries of old people. (See “ Calcification of Arteries.”) It 
also occurs under other circumstances whAe tissue changes 
are very feeble, as in thrombi, in the caseous masses so 
common in the lungs and lymphatic glands, in atheromrf* 
tons arteries^ and in non-vascular tumours. Bespecting 
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the canse'of the deposition of th| calcareous substances — 
it is probably partly due, Ils stated by Eindflcisch, to the 
stagnation of the •nutritive fluids in the part, owing to 
whiob the free carbonic' acid, wfiich appears to hold the 
salts in solution, escaped, and they are consequently pre- 
cipitated ; aftd partly to the non-assimilation of these 
fluids by the enfoebled elements of the tissue. 

The calcareous particles make their appearance Jaoth 
within the cells and in the intercellular substance ; they 
are much more frequent, however, in the latter situation. 
They are seen at first as fine molecules scattered irre- 
gularly through the intercellular substance. (Fig. 23.) 

Pig. 23. 



A Cnldfi&l Sarcomatous Tumour. . Showing *the 
minuto calcareous particles scdttered through the 
> intercellular substance. T6 the left of the figure they 
ore so abundant as to almost completely obscufe the 
cells. X 200. 

They are characterised, whhn viewed by transmitted 
light, by their opacity, dark black colour, and irregular 
outline, and also J|py their solubility in* dilute mineral 
acids. They gradually increase in number until ulti- 
mately large tracts of tissue may be converted into an 
opaque calcareous mass, in which the C/ells are enclosed 
and ^n Ao lonjlfer be recognised. These larger masses 
sharp black irregular outline, and as the calcifica- 
tion becomes complete, acquire a homogeneous, glistening, 
semi-transparent appearance. The cells themselves are 
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much less freqiKntly iu^ltrated, being usually merely 
enclosed and’ obscured by the yielded intercellular sub- 
stance. Calcareous particles may, however, make their 
appearance in the proto^sm, andt gra4ually increg.sing, 
ebuvert the cell into a homcfgeneoufl calcareous body. 

The calcareous matters consist, for the most part, of 
lime and magnesian salts, especially th^ phobphates and 
carbonates. If the latter are present, the addition of^ a 
little dilute hydrochloric acid is followed by the appear- 
ance of numerous minute air bubbles in the tissue, owing 
to the liberation of carbonic acid.* In those cases in which 
calcification is associated with retained gland secretions, the 
ealcareous matters will consist of the specific gland salts. 

A part which has become calcified undergoes -no 
further change ; its vitality is completely destroyed, and 
it remains as an inert mass. In this respect calcareous 
differs from fatty degeneration. In the latter, subsequent 
changes invariably take place; the part either softening, 
caseating, or becoming the seat of calcification itself. It 
differs also in its effect upon the tissue. The structure 
of the affected part is not destroyed, and there is no 
annihilation of histological elements, such as occurs in 
futty degeneration. The tissue is simply impregnated 
^vith ^calcareous matters, which have no other effect upon 
it than to render it inert; its vitality is destroyed^but its 
structure — in so far as the calcification is concerned — 
remains unaltertdt If the saline i^atters are dissolved 
out with a little diliy;e mineral acid, the structure of the 
part may be again recogniseid, unless, indeed — as is so often 
tfie case — ^ithas been destroyed by any antecedent change. 

Calcificationanust thus be looked^ upon in many cases 
. as a salutary lesion, the impregnation with calcar^us 
matters preventing subsequent changes in the part, ^is 
is especially the case when it is secondary to other forms 
of degeneration. It is often the most fkvonrable*^, termi- 
nation of the large class of fatty changes, as is exempli- 
ned by the calcification of caseous products in the lungft, 
and of many new formations. It may, on the other hand, 
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Tiiider ceKain circumstances, be^attenxieA with most dele- 
terious consequences, as $s the case when it altccts the 
arterial system. 

CALCIFICATION OF AaTERIES. 

Calcification of arteries, like fatty degeneration, may 
be a primtffr?/ or secondary affection. As a secondary 
change it constitutes one of the terminations of the athe- 
romatous process, and as such is constantly met with in 
the aorta and its branches, and in many other situations* 
(See “Atheroma.”) 

• Primary calcification is essentially a senile change, and 
is the result of that impairment of the niitrftion of the 
arteries which exists in advanced life. It ig associated 
with atrophy of the arterial tissues, and in some cases 
with fatty degeneration. The change is a more or less 
general one, and when occurring in one pa^ is met with 
in others. * It usually occurs in vessels of medium size, 
the arteries of the upper and lower extremities and bf the 
brain being those most commonly affected. Its most 
common scat is the middle coat, where it commences in 
the muscular-fibre cells. The calcareous particles, which, 
are deposited from the vasa vasorum, make their appear- 
ance at first around and within the nucleus, and gradjually 
increase until they fill the cell, which becomes converted ’ 
into a small calcareous flake. The process may go on 
until the muscular coat is completely calcified, or it may 
be limited to isolated portions of tl^ coat, giving rise to 
numerous calcareous rings and plates which are irregji- 
larly distributed throughout it. From the muscular it 
may extend to the external and interflb.1 coats, until 
ultimately the vessel becomes calcified throughout. 

The vessel thus calcified loses its elasticity and con- 
tractility ; its lumen is diminished, and it is transformed 
into a hard, rigid, brittle tube. This condition is common 
in fche external iliac and in' the vessels of the lower ex-^^ 
tremity, where it is a frequent cause" of senile gangrene. 
(See ** Senile Gangrene.”) 



CHAPTER fX. 

PIGMENTARY DEGENERATION. 

Pigmentary Degeneration, or Pigmentation, consists in 
an abnormal formation of pigment in the tissues. * All 
true pigments are derived from thd colouring matter of • 
the blood. Physiologically, many of them are .eliminated 
by the kidneys and liver; others are deposited in the 
tissues there remain permanent. The choroid coat 
of the eye and the skin of the negro are well known 
evamples of tissues in which there is this permanent 
.'u;cumu1ation of pigment. The cells in these situations 
appear to be endued with a special power to “abstract the 
colouring matters froin.the blood, and to store them up 
in their interior, wh,ere they undergo certain chemical 
changes and 'become converted into pigment. 

In the pathological process, also, the pigment is derived ' 
from the same source, although its pi^sence in the tissues 
is rarely dependent upon any abnormal secreting powers 
in their cellular elements, but is usually the result of 
ceiiain changes in the circulation or in the blood-vessels^ 
owing to which |;he coloudhg matter of the blood escapes 
and infiltrates the surrounding parts. This escape ,,of 
hasmoglobin may be owing to rapture of the vessels 
themselves, or to conditions of congestion or st^is in 
which, the ^blood-corpuscles and liquor sanguinis pass 
through their walls. In either case the hasmoglobin will 
permeate the tissuesf and ultimately be converted intb' 
pigment. Rupture of the vessels and the direct extrava- 
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eation of Blood, is, however, the ij^ost conftnon antecedent 
of* the pigmentary change.# Soon after the extravasation 
has taken place, the jLa 3 moglobin escapes^ from the red 
blood-iorpuscles, either by exudation or by destruction 
of the corpuscle, an(J, mixed with the liquor sanguinis,' 
infiltrates th® surrounding tissues. In other cases the 
process take9 |)la^ without any solution of continuity in 
the walls of the vessel. This frequently occurs in con- 
ditions of inflammatory stasis and mechanical congestion, 
in which the red corpuscles pass through the walls of the 
capillaries, and some of the haemoglobin is also liberated 
from the corpuscles within the vessels, from which it 
transudes, dissolved in the liquor sanguinis, without 
rupture having taken place. In whichever of these ways 
♦the hmmoglobin is* derived, ife infiltrates the tissues, 
staining both th^ cells and Ihe intercellular substance a 
yellowish or brownish-red colour. It is taken up, however, 
more readily by the cells than by tfie iutercellttlar sub- 
stance or by membranous or fibrous structures. In 
addition to this formation of pigment from dissolved 
hasmoglobin^ the red corpuscles themselves may penetrate 
the adjacent cells and there become converted into pigment. 
Some of the coiqiuscles also, after their escape from tke 
vessels, may shrivel up and become pigment granules. It 
is probable that in some cases these chapges and the 
subsequent formation of pigment may take place within 
. the vessels. 

After the hasmoglobin has remained in the tissue for 
some length of time, it undergoes certain changes : — ^It 
becomes darker and more or less granular, minute red- 
dish-brown or black granule^and crystals make their 
appearance both in the cells and in the intercellular sub- 
stance, and these may gradually increase and form larger 
masses. This change in the hcemoglobin is a chemical 
one, and the substance into which it is converted is 
humatoidin. Heematoidin appears to be closely allied 
to the colouring matter of the bile* cholepyrrhin, which 
is also a derivative of hmmosrlobin. It exhibits similar 
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reactions when treated jidth concentrated mineral acids, 
displaying the same variatioift of green, blue, rose, and 
yellow colours.^ It* is insoluble in^ water, alcohol, ether, 
and in dilute mineral acids and alkaliep ; ft is soluble in 
fbe caustic alkalies, giving a red colcgCir. It contains more 
carbon than haemoglobin ; and it also contains iron. 

The granules of haamatoidin vary in sifle from the 
smallest particles to masses as large as a rod blood-cor- 
puscle. (Fig. 24.) The larger ones are round, or more 
commonly irregular in shape, and have a sharp defined 
border. Their colour varies from yellow, red, and brown, 
to black. These variations appear to depend upoh the 
age of the granules and the tissue in which they are 
formed; the older they arc the blacker they become. 

Fig. 24. Fig. 25. 



■ paUi cfmtaimiiff pigikmt, ffeemaUdUin crystals. 

From a melanotic sarcoma (Virchow ) 

of the liver, x 350 

The smaller granules are usually dulTand opaque ; the 
larger ones, however, often present a more or less glisten- 
ing appearance. The crystals of hsematoidin are opaqna 
rhombic prisms, usually of a beautiful yellowish-red or 
ruby-red colour, sometimes approaching to brown or 
black. They may also occur as little plates and fine 
needles, but these are less common forms. (Fig. 25.) They 
are in^most cases so small that considetable care is re- 
quired to recognise their cxystalline nature under the 
microscope, and they may easily be.overlooked as merely 
irregular granular masses. In some.cases, however, they 
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attain a fiiTgcr size. Tlicy are tjiore or less transparent, 
and present a shining, stiongly refracting surface. 

Whether the hjcniOjL'lohin is converted into granular or 
crystalline htem^toidin appears , partly to depend upon 
the tissue in which it is situated, the cr 3 ^stals being ex- 
ceedingly colnmon in some situations, as in the brain and 
ovaries, whereas rin others, as mucous membranes, diUy 
the granules are mot with. Both tlie granules and 
crystals are characterised by their durability and by their 
great powers of resistance; when once formed they 
undergo no further change. 

Tliose forms of pigment — ^both granular and crystal- 
line — which are of an intensely black colour, have been 
supposed to consist of a substance which dilTers in che- 
mical composition from hmmatoidin, and which has been 
called melanin, lliere appears, liowever, to be no foun- 
dation for such a distinction. Melanin is i)robably merely 
hmmatoidin which has become mo^y or less altered by 
age. It is endued with greater powers of resistance, 
being less readily soluble in reagents than the more 
recently formed ha)matoidin, and it contains m6re 
carbon. 

Pigmentation, although one of the most common forms 
of degeneration, is of comparatively little importance as a 
morbid process. The mere existence of pigment within 
and between the histological elements of the tissues, has 
in it&clf but little influence upon their vitality and func- 
tions. The atrophy and impairment of function which so 
frequently accompany it, hmst rather be looked upon as 
the result of those conditions upon which the'formation of 
the pigment depends, than as in any ^ay owing to the 
presence of the pigment itself. 

As evidence of other antecedent conditions, pigmenta- 
tion assumes a more important aspect. The pigment being 
derived from extravasated haeifloglobin, in whatever situa- 
tions it occurs, it is usually to be looked upon as the result 
bf some alteration in the circulation or in the blood-vessels, 
owing \o which the escape of the colouring matter is per* 
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mitted. Exceptions to lliis exist, however, in tlie case of « 
certain 'pigmented new formations, in which the presence 
of the pigment appeal’s to bo.mainly owing to the selective 
power of the cells ; these, like* those of the choroid^. sepa- 
ttuting the colouring maftcr from the blood. It is those 
growtlis which originate in tissues '^normallgr containing 
pigment, as the choroid and rete mneosurp, which are 
most frequently melanotic. (See “ Melanotic Sarcoma.”) 
In Melanminia, again, the largo quantities of pigment 
which oxjst in the blood, are probably the result of a local 
formation — for the most part by the spleen. Lastly, in 
^ Addison’s disease, the pathology of the pigmentation of 
the skin is at i)resent involved in obscurity. 

Pigment is often the only evidence of a former ex- 
travasation. This is frequently the case in cerebral 
hmmorrhage, where the crystals of hasmatoidin may be 
all tljat remains to indicate that rupture of the capillaries 
has taken place. In the ovaries, also, the slight hmmor- 
rhage which follows the escape of the ovum at each men- 
slrual period, is marked by the formation of pigment 
V 'lich constitutes the “corpus lutoum.” lu mechanical 
congestion and inllamination, again, the consequent pig- 
mentation may he the principal evidence of the former 
existence of these conditions : this is especially seen in , 
pigmentation of the mucous membrane of the stomach 
and intestines. The formation of pigment i.s thus, with 
the few exceptions 'above named, the result of some ante- 
cedent change in the blood-vessels or circulation ; an^ its 
presence in the tissues appears to he little more than a 
testimony to the existence of those processes upon which 
its formation depends. 

False PiGMENXATiON.—There are certain forms of (dis- 
coloration of the tissues which are not due to the presence 
of hmmatoidin : these must he distinguished from true 
pigmentation. The most# important of them, and that 
which ’is most closely allied to the process already de- 
scribed, is the staining of the tissues with the colouring 
matter of the bile, which is itself ^ derivative of hjemo- 
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globin, amd is, as before stated, very analogous to hoema- 
toidin. Thiq yellow stai:^j>_ing inay affect neatly all the 
tissues, constituting “iaundice;” or it may occur in the 
liver alone, from locfil obstructions to the sfnall bile-ducts, 
as is often seen in cirrhosis of thSt organ. In these cases, 
however, there is merely the staining of*ihe tissues with 
fhe coloiirin/^ inatter of the bile -and no subsequent con- 
version of this pigment. * 

The discoloration caused by the long-continued use 
of the salts of silver must also bo distinguished from 
pigmentation : the colour here is duo to the deposition of 
the silver in the tissues. The black colour of gangrenous 
parts, and that sometimes produced by the effusion of 
large qua-ntities of blood into the tissues, must again "not 
be confounded with pigmentation. The discoloration in 
those cases is the result of the action of the sulphuretted 
hydrogen upon the coloTiring matter of the blood. The 
greenish-black discoloration so often seen on tbe surface 
of the liver, kidneys, and other abdominal organs after 
death, is in the same manner due to the intestinal ga^^es. 
Lastly, the minute particles of inhaled carbon which are 
always met with in the lungs, must be distinguished f'.om 
true pigment., 

riGMENTATION OP THE LUNGS. 

In no organs is pigment met with bo frequently and in 
such large quantities as in the lungs, and here much dis- 
cussion has arisen as to its nature and origin. The lungs 
normally contain more or less black pigment, the amount 
of which gradually, iircreases with advancing age — the 
lungs of infants and young children being almost free 
from it, whereas those of adults invariably contain it in 
considerable quantities. 

This normal pigmentation of the lungs is principally 
due to the presence of carboy and not to that of true 
hmmatoidin-pigment. The carbon — which is derived from 
the incomplete combustion of wood, coal, and other sub- 
stances, and is alway§ present in varying quantities in 
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the atmosphere^ is inhaled, and the minute paiAicles pass » 
into the finest bronchfel tu^es. Having entered tlie 
bronchi, many of them arc taken up by the mucus- 
corimscles, where they may be seen as small black gra-* 
jiules within the cells.' These may readily bo observed 
in the ceJls of tke gVcyish-black sputum which is so fre- 
quently expectorated in the early morning. Much of 
the carbon thus inhaled is eliminated by expectoration; 
many of tljc particles, however, pass into the air- vesicles, 
and here their removal by this means being less readily 

Fio. 26/ 



Pigmmtntfoft of tke Lnn{f. From a woman, mt. sixty-five, with 
emiiliysoma. filiowiug the situation of the pigment in the 
alveolar walls, and around the blood-vessel v. x 75. * 

“clFected, they gradually penetrate the pulmonary .'sub- 
stance, and make their way into, the alveolar walla and 
interlobular tissue. It is in these situations that most^of 
the pulmonary pigment is found, and there dt may be 
seen either within the connective tissue-cells, or lying free 
amongst the fibres. (Fig. 26.) 

The means by which the particles of carbon penetrate 
the walls of the air-vesicles, and make their way into the 
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, inter-alveclar tissue, has recently been explained by the 
researches of Dr. Klein ^ the* histology of the lungs.* 
Dr. Klein finds that the branched* connective-tissue cells 
• of the alveolar walls /end a process, or a greater or less 
portion of their body, between the epithelial cells of th(? 
alveolus intew the alvbolar cavity. As fjiese connective- 
tissue cells Ijp in the serous canals, which constitute the 
commencement of the perivascular lymphatics, it is easy 
to understand how these openings in the alveolar walls 
(pseudostomata) may become sufficiently distended to 
•allow cells and other substances to pass through them 
from the alveolar cavity into the intcr-alveolar tissue. 
When olice the carbon has made its way into the inter- 
lobular tissue, some of it is taken up by the fixed cells in 
this situation, whilst that which is not thus detained 
passes on to the lymphatics, and is deposited in the 
bronchial lymphatic glands, where the black particles are 
also visible. 

Closely allied to this physiological pigmentation of the 
lung from the inhalation of carbon, are those morbid con- 
ditions which result from the inhalation of particles of 
coal, stone, iron, and other substances, — of which the 
lungs of miners, stonemasons, and grinders afford fre- 
quent examples. Here also minute particle^ enter the 
bronchi, penetrate the walls of the alveoli, and are de- 
posited principally in the interstitial tissue. In the 
case of miners — in which this is most common — the par- 
ticles of coal enter the lungs in such large quantities as 
to give* to them a uniform dark black colour. In stone- 
masons, grinders, <&c., the lungs also become deeplj^ 
pigmented, although to a less extent than those* of 
mjners. 

The black colour of the lungs in these cases, however, is 
not entirely due to the presence of the inhaled substances, 
but partly to that of true hsematoidin-pigment. The 

* “ On the Anatomy of the bymphatic System of tlio Lungs,” by 
Dr. E Klein. Proceediri^a Royal J&dety, JSo, 149. 1874. 
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inhalation of the»irritating particles sets up inflamimatory 
changes in the bronchi *and j^nlinonary tissue, causing 
chronic bronchitis, chronic catavr^ial pneumonia, and a 
hirgo increase in the fibrous tissue of the lungs, which 
thus ultimately become consolidated, excavated, tougli, and 
fibrous (“Collierj” and “ Knifc-grinTlers* Phthisis,” <fec.) 
Owing*to these structural changes there is ajionsiderablc 
escape of colouring matter, either from rapture of the 
capillai-ies or transudation of serum, and hence a large 
formation of true pigment; and to this true pigment 
much of the dark colour of these lungs must undoubtedly 
be ascribed. The lungs of stonemasons and grinders are, 
like those of miners, deeply pigmented, although to a less 
degree ; but the black colour in the former cases cannot 
be entirely accounted for on the supposition that it is due 
to the i)resenco of inhaled particles. 


Fig. 27. 



(Jells from the sputum of acute Bronchitis, Showing 
the minute granules of pigmoiit within the cells. 

Some of the cells also contain a few fatty mole- 
fuJes. X 400. 

Pigmentation of the lungs from the presence of hajma- 
toidin occurs as the result of many other morbid condi- 
tions, many diseases of these organs being attended b^ 
the formation of pigment. In chronic phthisis, pigmen- 
tation occurs, partly as the result of the inflammatory 
process, and partly from the obstruction of the vessels 
caused by the new growth: — ^lines of pigment are con- 
stantly seen surrounding the nodules of - consolidation.* 
In acute croupous pneumonia, the blood which is extra- 

H 
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vasated hito the air- vesicles, an^ whichfei the early stages 
gives to the expectoration a rusty or prune-juice colour, 
subsequently become^’ converted into pigment, and the 
sputum becomes. of a greyish-black ; the pigment granules 
being visible in the newly-formed cells. The cells mCt 
with in the^sputum of bronchitis also eftntain granules of 
pigment (Fig. 2^) ; and pigmentation plays an important 
part in the condition of the lungs known as brown indu- 
ration. (See “ Brown Induration of the Lungs.*’) 

Pigment in the lung usually occurs as black irregular 
granules ; it is rarely met with in a crystalline form. In 
all cases in which it is found in any quantity in the lung 
it is also found in the bronchial glands. It is taken up 
by the lymphatics and, like the inhaled carbon, it becomes 
arrested in its passage through these glands, where it 
remains permanently. 



CHAPTER X. 

TISSUE-CHANGES IN PYREXIA. 

It is proposed in the present chapter to allude very 
briefly to those alterations in the tissues which are met 
with in certain pyrexial diseases, to which have been 
applied the term parenchymatous or “ granular dege- 
neration,” “ albuminous infiltration,’* “ acute,” or ” cloudy 
swell iiig.” 

It is well known tliat in most diseases which are accom- 
paj ied by a considerable elevation of the bodily tenipe- 
rat ire, and especially in those in which the blood has 
uuilcrgone marked changes, the organs and tissues arc 
fo'.ind much altered after death. The diseases in which 
s Mill alterations arc most frequently met with are pymmia, 
erysipelas, typhus, typhoid, and ‘ other acute specific 
fevers, and acute rheumatism. They also occur in other 
diseases which are attended by considerable pyrexia, but 
they are most marked in the specific fevers, and appear 
to depend more upon the alteration of the blood in these 
fevers than upon the amount of elevation of the bodily 
temperature. The organs in which the alterations 
principally occur are the liver, the kidneys, the heart and 
muscles, and the lungs. Sometimes the changes are 
much more advanced in some organs than others, owing 
probacy to differences in the local circulation. 

The physical characters of the altered organs vary. It 
may, however, be stated generally that the organs ar8 
more or less swollen and opaque, somewhat diminished in 
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consistence, and abnormally friable. Tlteir vascularity is 
iB'some cases diminished, in others slightly increased. 
AVhen examined raicpscopically, the cellular elements 
are found to be increjased in size, and their protoplasm 
is markedly granular, so that, in some cases, the nucleus 
is so much obscured as to be indistinguishable. (Fig. 28.) 
llie granular condition of the protoplasm aj^pears in most 


Fia. 28. 



Liver from a rase of Jri/(e Meumafiwi with 
high Tempernturr. Showing tijc swollen and 
granular condition of the li ver-cells. J n many 
of the c(*Us tho nuchnis is so much obscured 
ns to be almost indistinguishable, x 2UU. 

cases to be due to albuminous particles, inasmuch as it dis- 
appears upon tho addition of dilute acetic acid. In other 
cases, however, in which the change is apparently more 
advanced, many of the granules are larger, insoluble 
in acetic acid, but soluble in ether, and obviously fatty. 

The Liver , — Here the change is usually met with in its 
most marked degree. The organ is slightly 'enlarged, 
abnormally soft and friable, and the cut surface has a 
dull opaque look, being paler than natural. The liver 
cells arc swollen and granular, and in many cases contain 
fatty particles. (See Fig. 28.) 

The Kidneys . — In the kidneys the change affects espe- 
cially the cortex. This is swollen, opaque, and friable. 
The IJalpighiau bodies and the pyramids are usually 
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Jibnormally vascfilar, an^ thus contrast with *tlio pahi 
cortex. The epithelium in thc^tubes of the cortex pre- 
sents the appearances above descuibcd. These are pre- 
L*isoly similar to those met with in the earlier stages of 
tflbal nephritis. « 

Tlis Heart . — Tfto alteration produced in thi heart con- 
sists in slight opacity, pallor, and dimin\*tion^m the con- 
sistence of the muscular tissue. Under the microscope 
the muscular fibres are seen to have lost their distinct 
striatiou and to be finely granular. (Fig. 29.) Such a 


Pig. 29. 



Muscvjttr I'issue of tho ITetirfy from a cma of 
svvere Tifphoid Fercr. Showing tho graimlar 
comlitioii of t.lio iiDres aud the loss of their 
Btiiation. x 40U. 

ccPiHtion must materially interfere with the contractile 
power of the organ. A similar change is met with less 
t'i'i.’quently in other muscles. 

The LangK . — The change in the lungs has been de- 
scribed by Buhl as consisting in swelling of the alveolar 
epithelium. Tho epithelial elements are markedly 
granular from the presence of albuminous and fatty 
particles, and they become loosened from the alveolrjr 
walla. The change affects, more or less, the whole of 
both lungs. The organs are enlarged, osdematous, and 
abnormally friable.* 

This change occurs not only in pyrexia, but also in tlie. 
Buhl, “ Luugoueutzunduug, Tubcrkulose, uud Schwiudsucht.” 
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earlier stages of the process of jnflammS.tioii. Here also 
a swollen and granular ^condition of the protoplasm is 
met with, especially inrepithelial and endothelial elements. 
It is this thg^t Virchow gave the name of “ cloudy 
swelling.” (See chapter on “ Inflammation.”) 

Eespecting the nature of the change— nothing is cer- 
tainly kno^n. tDr. Wickham Legg produced it arti- 
ficially in animals by submitting them to a high tem- 
perature, and he, in common with some other pathologists, 
is inclined to look upon it simply as a result of the high 
temperature. T'he probability that it is duo rather to 
specific alterations of the blood has been already alluded 
to. An exact knowledge of its pathology, however, must 
await further experimental investigation. In the mean- 
time, when it is borne in mind that the conditions in 
which it occurs arc attended by alterations in the blood 
and in the nutritive processes, and that in advanced 
degrees of the change it is accompanied by more or less 
fatty metamorphosis, it maybe regarded as probable that 
its occurrence will be found to be due partly to interference 
with the normal processes of tissue-oxidation, and partly 
to increased transformation of the protojAasm of the cells. 
(See ** General Pathology of Fatty Degeneration.”) 

Whatever be the nature of the change, there can be no 
doubt that it must very materially interfere with func- 
tion, and that its occurrence in the course of acute dis- 
ease, especially when affecting the heart, must constitute 
a most important source of danger. Although it may 
lead to more or less fatty degeneration, it tends, if death 
does not supervene, to terminate in perfect health. 



CHAPTER XL 

NUTRITION INCRKASED. 

The morLid processes thus far described have been at- 
tended either by arrest or by imimirinent of nutrition; — 
those remain to be considered in which the nutritive 
activity is increased. They include the Regenerations, 
Hypertrophy, and the Tumours. 

In considering these results of increased nutritive 
activity, it must be borne in mind that physiologically 
the formative power of different tissues varies greatly. 
Dll ring the period of development all the tissues increase, 
bi/. when this period is completed, their activity is, for 
the most part, limited to merely maintaining themselves. 
In some tissues the power of reproduction is completely 
\i St after the natural period of growth is past. Such is 
tlic case, for example, with the nervous centres, which 
when destroyed are never regenerated. In most tissues, 
however, this formative power is capable under certain 
conditions of again manifesting itself. There are two 
important causes of this re-manifestation. One is the 
destruction or loss of portions of tissue from injury or 
disease. This, in most structures, causes a formative 
activity in the cellular elements, and thus leads to fhe 
regeneration of the lost part. 

The other, and most important, cause of a renewal of 
reproductive activity after the completion of the period 
of growth is an increased supply of nutritive materisd. 
Such increased supply, however, can never lead to new 
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j^rowth iif tissues which, like nerve-tissue, are incapable 
of* again exhibiting their .?reproiluctive power. The in- 
creased supply may be.jiue to simple active or to inflam- 
matory; hypermmia. 

Simple active hyp^riemia of a tissue, and consequent 
new growth, is moat frequently the result of increased 
functional ivctivity. Muscular tissue, for example, 
which docs more work, increases in amount. The 
nervous influence which causes the increased activity of 
tlie muscle causes at the same time active hypennmia, 
and thus follows new growth. This is seen in the hyper- 
trophy of the muscles of the calf in ballet dancers ; also 
in the hypertrophy of a hollow viscus from obstruction to 
the exit of its contents — as of the heart from obstruction 
at the valvular orilicos or in the course of the circulation, 
of the muscular coat of the stomach in stricture of the 
pylorus, of the intestine above a permanent stricture, and 
of the bladder in stricture of the urethra. Glandular 
organs in the same way hecomo hypertrophied when, 
owing to the loss or incapacity of their fellows, one gland 
has to do the work of two. This is exemplified by the 
hypertrophy of one kidney when the other is destroyed 
by disease. Much less frequently the active hyper- 
aoraia which leads to the new growth is duo to other 
causes. The hypertrophy of the spleen in malarial dis- 
eases is probably due to an active hypsrmmia of the organ 
caused by the malarial jjoison ; and that of the thyroid 
gland in Graves’ disease, to hyperoemia due to vaso-motor 
paralysis. (See “ Active Hypermmia.”) lu all cases the 
hyporaBmia must be of long duration in order to lead to 
new growth. 

The new growth which results from inflammatory 
hypeneraia will be considered in the chapters on inflam- 
mation. Inflammatory growths differ from non-inflam- 
matory ones in being caused by some upon the 

removal of which the process of growth usually ceases. As 
examples of growths which must be regarded as occupying 
a kind of border-land between non-inflammatory and 
inflammatory formations, may be mentioned the develop- 
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ment of coma fit)m pressure, and*of warts and«coiulylo- 
mata from the irritation of unh^aRhy secretions. • 

tiypertbophy'. 

•The term “hypertrophy” is only ai:^)lied to that form of 
new f^rowth in which all the constituents of at organ are 
more or less involved, or those constituci^ts, s^t all events, 
iil>on which the peculiar functions of the organ principally 
depend. An hypertrophied organ is one increased in 
size and functional power. Hypertrophy, therefore, can 
rarely result from an inflammatory process, because, as 
will be seen when speaking of inflammation, this leads 
mainly to an increase of the connective tissue of organs, 
and, with this exception, involves only epithelial and 
endothelial elements. The commonest cause of hyper- 
trophy is, as already stated, that increased nutritive 
supply which results from increased functional activity. 
'Phe iiiovcascd activity is usually induced by a necessity 
for sonic increased work ; in muscle, for example, in order 
to overcome some obstruction, in a secreting organ — to 
seert <3 more fluid. Such hypertrophies are consequently 
( ouft. uativo in their nature, and they are often spoken of 
as /'• n ctional hypertrophies. 

Tile increase in the amount of tissue which constitutes 
hyj '.rtrophy may be owing to an increase in the size, or 
to an increase in the number, of the histological elements. 
'When it is owing simply to an increase in the siao of the 
elements, it is termed sinvplG hypertrophy ; when to an 
increase in their number, and to the formation of a new 
tissue, numerical hypertrophy, or hypei'plaeia. The two 
forms of hypertrophy are thus comparable with the two 
forms of atrophy : — ^in simple hypertrophy as in simple 
atrophy, there is merely an alteration in the nine; in 
numerical— an alteration in the number of the elements. 
In most cases, however, hypertrophy is a hyperpiastie 
process. In connective tissue and all the connective 
tissue substances it is invariably numerical ; but in muscle* 
and glandular organs there is usually an increase in the 
size of the elements as well as an increase in their number. 



CHAPTER XIL 

THE TUMOURS. 

Tiie tumours are uew formations wliicK in their develop- 
ment and growth are characterised by their indepcn- 
dcnce oi the rest of the body; they increase in size by 
virtue of their own inherent activity, which differs from, 
and is, to a great extent, independent of that of the sur- 
rounding tissues. Having attained a certain size, they 
either remain permanent, or, more frequently, tend con- 
tlnuousljj io increase. Whatever be the nature of the 
tumour, it is always the direct product of the elements of 
a pre-existing tissue. In order, therefore, to understand 
the pathology of these growths, it is necessary to be 
intimately acquainted with the histology and mode of 
development of the normal tissues. 

Etiology or Tumouks. — As tumours are the result of 
the increased nutritive activity of the elements from 
which they originate, it will be readily understood that 
their causes must for the most part be obscure, and that 
in many cases all that can be said is, that the new growth 
is the result of the spontaneous activity of the elements 
from which it springs. Sometimes, however, the causes 
are either wholly or partially ascertainable. They may 
bo divided into constitutional predisposing^ and direct 
exciting^ causes. 

C oust i tut tonal Predisposing Causes . — That many tu- 
• mours owe their origin to some constitutional taint, has 
long been an universally accepted pathological doctrine. 
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The constitution^ cause, has frequently been regarded as ^ 
a general one, as consisting eittier in some alteration •in 
the constitution of the blood, or iip some abnormal condi- 
tion of the physiological processes throughout the^ Entire 
(Trganism. It was formerly suppose^ that many new for- 
jiations were thfi result of an exudation frofn the blood- 
vessels, and that the elements of the gro\^th were produced 
spontaneously in the exuded structureless blastema. Such 
growths were looked upon as the local expression of a 
vitiated constitution of the blood, — tidyscrnsia. Although 
this hypothesis is now universally abandoned, and all new 
formations are known to originate from pre-existing 
cellular elements, an alteration in the constitution of the 
blood or in the 2)crformance* of the physiological i)rocesses 
throughout the body, is still regarded by many as playing 
an important part in their causation. 

It is the malignant tumours which are thus supposed 
to owe their origin to the existence of a general constitu- 
tional taint. These growths arc said to be of a constitu- 
tional origin, in contradistinction to the non-malignant 
growths, which are looked upon as purely local. This 
hypothesis is principally based upon the clinical charac- 
teristics of the malignant growths — their tendency to recur 
after removal, their multiplicity, and the difficulty or im- 
possibility of completely eradicating them. 

It is said that the development of malignant growths 
is frequently j)reccdcd by an unhealthy state of the con- 
stitution — a cachexia. In the majority of cases of malig- 
nant formation, however, there is no evidence of any such 
cachexia preceding the local growth. The individual is 
usually ill good health at the time of the occurrence of 
the primary tumour. The general impairment of nutjfi- 
tion and emaciation, which constitute the cachexia, are 
secondary to the local growths, and are. in direct propor- 
tion t© thefr extent and situation : — ^the more extended 
the local lesions, the greater the amount of discharge; the 
more the lymphatics and the digestive organs are involved, 
the more marked is the attendant cachexia. 
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The mftltiplicity of ijalignan^ growths is also adduced 
a^an argument in favoui^of the existence of a general 
constitutional taint, i’he fact tlTat malignant growths 
are ft^cpiently mjiltiplc, constitutes in itself no ground 
for such a conclusio|i. I'he multiplicity is for the most 
part a secondary phenomenon, the seehndary tumour^ 
resulting fro«n iiVoction by the i^rirnary one. Simple 
]}riiufinj multiplicity is not so characteristic of malignant 
as of many other tumours — the lipomata, fibromata, and 
osteomata, are all more often priuLarlhj multiple than 
cancer. IVIultiplicity in many cases is evidence rather of 
a local than of a general taint. T’umoiirs are often mul- 
tiple in bone, for example, without occurring in other 
tissues. In such cases there would appear to be a local 
rather than a general cause. 

The recurrence of the malignant growth after removal 
at the seat of the operation, may again be owing to the 
removal having been incomplete, some of the proliferating 
elements of the growth having been left behind. The 
cellular elements of malignant tumours often extend into 
the adjacent tissues for some distance beyond the appa- 
rent confines of the tumonr, and as the physical characters 
of the infiltrated tissues differ in no way from those of the 
healthy, there are no means of certainly determining how 
far wide of the tumour the incision must be carried in 
order to include the whole of the affected structures. (See 
“ Malignancy.’*) A tendency to local recurrence is a. pro- 
perty possessed by many growths, and it can be explained 
on local grounds without the necessity of .admitting the 
existence of a general taint. 

Lastly, the fact that malignant growths are usually 
foUuwedby the development of similar growths in the lym- 
phatic glands and in internal organs, may in most cases 
be more readily explained — as mil be seen when speak- 
ing of “malignancy” — by regarding these as the 'result 
of infection by' the primary tumour, than by ascribing 
existence of a common constitutional cause, 
ms already adduced in a preceding chapter (see 



THE TUMOURS. 


109 


“ lntro(lnction”)f for considerinfj Ml changes iif the con- 
stitution of the blood as secondjir^ to local causes, would 
appear of themselves t% be sufficie^it to render untenable 
the hypothesis of a immary blood dyscrasia. Any ab- 
niu-mal condition of the blood whiclj may be associated 
with the development of malignant tumours’ must pro- 
bably bo regarded as resulting either from tljp absorption 
of deleterious substances, from the entrance into it of the 
elements of the growth, from the drain of an attendant 
discharge, or from interference with the processes of 
digestion, assimilation, or secretion, or with the formation 
of the blood itself. At the same time it must be borne in 
mind, when discussing the possibility of the development 
of malignant growtl\s being the result of a “blood- 
disease,” that the emigration of white blood-corpuscles 
may play some part in the process. How far this is the 
case, as will bo seen hereafter, we arc at present unable to 
dctoritiiuc. We know that this emigration constitutes a 
prominent feature in the process of inflammation, and if 
future researches should show that it also occurs in the 
development of malignant new formations whilst in those 
which are non -malign ant it is entirely wanting, it would 
, go far towards rendering the existence of a malignant 
dyscrasia beyond dispute. In the present position of our 
knowledge, however, in which it is only prohahle that an 
emigration of leucocytes may play some part in the de- 
velopment of now growths, both innocent and malignant, 
any argument in favour of the existence of a blood-dyscrasia 
^ as the cfiuse of the development of the latter based upon 
? such considerations would be unjustifiable. 

Although there would thus appear to be no necessity to 
admit the existence of a general constitutional cause in, 
order to explain the clinical characters which constitute 
malignancy, there can be no doubt that the development 
of many growths, both innocent and malignant, is 
materially influenced by constitutional conditions. Certain 
conditions of the constitution favour the development 
of tumours just in the same way that they favour, for 
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example, •the develojjm&t of syphilitic Ibsions. In both 
cases the local process^ may be modified by the general 
constitutional state. |[n the caSi of tumours it must be 
admitted as possible that the constitutional iidlueiice 
may be sufficient in itself to determine the dcvelopmcKt 
of the new' growth ; and this possibility must be borne 
in mind in accoiyiting for the develojmient of seconda.ry 
malignant growths, as although these may result from 
infection, they may perhaps in some cuses owe their 
origin to the same causes as those which induced tlie 
primary one. 

The influence of heredifanj predisposition must also be 
taken into account in studying the etiology of tumours. 
This influence is marked in the case of many growths 
both malignant and benign. The inherited peculiarity 
is probably, in mast cases, a local rather that a ijeneral 
one, consisting in some constitutional peculiarity of the 
tissues from which the new growths originate, some 
peculiarity which renders them more prone than other 
tissues to undergo abnormal development. I n scrofula, 
for example, which is a markedly hereditary disease, the 
tendency of the lymphatic glands to undergo excessive 
development from very slight degrees of irritation, is 
probably to be regarded as owing to a predisposition of 
the glands themselves, and not to any general consti- 
tutional state. The same is probably true of many other 
constitutional tendencies. Naevi, tumours of the skin, 
uterus, mammae, stomach, and of other parts, are again 
all unquestionably sometimes hereditary ; and here also 
the tendency would appear to consist in a predisposition 
of the tissues themselves to become the seats of new 
J’ormations. 

The tendency sometimes observed in particular tissues 
to generate new formations, pohits again to a local cause. 
The Oi*seous system, for example, may be the seat of new 
growtus — tumours occurring in nearly aU the bones, and 
not being met with in other parts. Tumours may in th^ 
same way be multiple in other tissues. i 
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Direct Dxcithff Cmises^The existence of a direct ex- 
citing cause is more capable Tiemonstration than *a 
constitutional one. It* consists •jither in some direct 
irritation of a tissue, which is by this qieans stimulated 
td increased development ; or in the^niigration or trans- 
mission of elements from some primary growtfi, which by 
pr fliferating themselves, or causing proJifeintion, in the 
tissues in which they lodge, constitute the centres of 
secondary formations. 

'^rhe direct irritation of a tissue may be owing to me- 
chanical or chemical irritants. Simple mechanical or 
chemical irritation can, however, under no circumstances 
he the only cause of the development of a tumour. The 
effect of such irritations alone, as has been seen in the 
preceding chapter, is to cause an inflammatory formation, 
or some of those forms of new growth such as corns, 
condylomata, and exostoses, which appear to occupy an 
intermediate i)osition between inflammatory formations 
and tumours. In order for irritation to cause a tumour, 
there must be some special predisposition of the tissue 
itself: — the irritation can merely determineAts develop- 
ment. It does so probably by causing a local hypermmia 
and so increasing the supply of nutritive material. The 
influence of simple irritation in the production of new 
formations is exemplified by the frequent occurrence of 
epithelioma on the lips of smokers, from the irritation 
of the pipe ; and on the penis and scrotum of chimney- 
sweepers, from the irritation of the soot (“chimney- 
sweeps’ cancer”). The numerous recorded instances of 
the development of a tumour following some external vio- 
lence or injury, leave little doubt that these also some- 
times stand to one another in the relation of cause and 
effect. Lastly, as pointed out by Virchow, it is those 
organs which are the most exposed to irritation from 
external causes, as the stomach, the mammary-gland, 
and the rectum, which are especially liable to become 
the seats of new growths. 

The influence of elements, which have either migrated 
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► or been *conveyed froni tbeir opginal habitat, in causing 
the development of ne'vv formations is exemplified by the 
history of malignant trimours. It is by this means that 
the secondary tiynoura most frequently originate. The 
elements, which eilKer migrate spontaneously from the 
primary growth, or arc carried by the blood or lymph 
streams, may pi’oliferate in the tissue in which they 
lodge, and so develop into secondary formations. 

In other cases it is also exceedingly probable, as pointed 
out by Dr. Creighton,* that the elements which arc 
transmitted from the 2^i*ii^ary tumour cause the jiroduc- 
tion of secondary tumours by virtue of an influence on 
the cells of the tissue where they lodge, which may bo 
termed a 8})erm(dic hi/lnance, and which is comiiarablo 
with that of the sperm-cell on the ovum. In such cases 
the relation of the primary to the secondary tumour is 
that of parent to offspring. This subject will be again 
alluded to when speaking of “ Malignancy.*’ 

Develoi’MENT. — In studying the develojunent of the 
tumours, it is important, in the first place, to bear in 
mind what has been already stated — viz., that they are 
in all cases the direct product of pre-existing cellular 
elements. Prof. Cohnheim has recently advanced the 
hypothesis that the colls from which they originate are 
not those of the mature tissue, but embryonic cells, a 
few of which, not having been utilised in the normal 
process of development, remain over, quiescent for a time, 
but ready, when from any cause there is iucrcased blood- 
sup^ily, to renew their formative activity. In support of 
this view he adduces the facts, that tumours tend to 
develoj) and to grow most rapidly when for jiliysiological 
«r other reasons there is any- increased supply of blood ; 
and that tumours consisting of a tissue different in type 
to that of the structure in which they grow (heterologous 
, tumours — e.g., enchondroma of the testicle), are only 
met with in tissues which are themselves derived from 


• Discussion on Cancer, Trans. Path. Soc., Lond., 1874, p. 368. 



THE TUMOURS. 


113 


tlie same primar/ embryonic layef as is the tissue of 
wliicb the tumour is composed.* #\VThetlier this hypothosis> 
be true or not, it certainly serves t^ explain some points 
in the pathology of tumours, and in considering^ the 
development and history of these gropivtfis it will be well 
to remember it. • ^ 

The tumours in their development anc^ structure 
resemble the normal tissues — every pathological growth 
has its physiological prototype. The resemblance, how- 
ever, is by no means complete, for as indicated in the 
definition, tumours in their development arc chjfracterized 
by their indeperidcnce of the rest of the organism, so 
that in this and in their structure they are always more 
or less atypical. 

The elements from which tumours most fretiuently 
originate are those bcloiiging to the commoti, connect im 
tiss'tfd, and to the blood-vessels and lymphatic system 
with which it is so intimately associated. By common 
connective tissue is meant that tissue which in all parts 
surrounds the blood-vessels, and is so universally dis- 
tributed throughout the entire organism. This must bo 
carefully distinguished from the formed connective sub- 
stances — tendon, cartilage, bone, &c. In this common 
connective tissue wc distinguish two kinds of cells— the 
stable cells (connective tissue corpuscles), and the mobile 
cells, which are probably wandering white blood-corpuscles. 
These cells are in intimate relation with the endothelium 
of the lymphatics, the latter vessels commencing as serous 
canals which are universally distributed in the tissue. 
Further — ^both the endothelium of the lymphatics and 
that of the blood-vessels closely resemble in their physio- 
logical functions the fixed cplls of the connective tissue. 

In the process of developm*ent of tumours from con- * 
nectivo tissue, the part' which is played by the different 
cellular elements cannot in our present state of know- 
ledge be certainly stated. The first result of their activity, 

‘ Vorlesuugeii iibor allgemeinen Pathologic,*’ Baud i. 

I 
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howcvSr, is to produce a new^ tissue, composed of small 
•roundish- shaped celft, firom ysVt) ^ Woo 
diameter, enclosing a large ill-defined nucleus. The cells, 
whigh possess yo limiting membrane but are simply little 
masscs*of amoeboti protoplasm, are enclosed in a scanty, 
semi-tluil^, and faintly granular intercellular material 
(Fig. 30). • Thj|3 tissue is obviously precisely similar to 
embryonic tissue. In some cases the protoplasm con- 
tinues to increase and the nuclei to divide without any 
subsequent division of the cell taking place, and thus are 
produced large irregular- shaped 
Fig. 30. masses of protoplasm containing 

^ numerous nuclei. These are the 

^ ^ ^ giant or myeloid cells which are 

ft ^ medulla of young 

e ® many sarcomatous 

^6 tumours. (See “ Myeloid Sar- 

^ ft coma,” Fig. 51.) Thus the first 

ft ^ ft ^ stage in the process of develop- 

® mcnt consists in the formation 
of an embryonic tissue, and this 

Embrf/tmic (“ iruijfferevO embryonic tissue subsequently 
Tuinu^ jrom the Mge of a . / • I ^ • i 

Sarvonwious Tunwur. x 350. develops mto the tissue of which 

the tumour is composed. It is 
often impossible to determine in this early stage of the 
growth what it will ultimately become — whether a 
fibroma, a sarcoma, or an enchondroma, &c. According 
to the hypothesis of Cohnheim, the embryonic tissue, as 
already stated, is not derived from a proliferation of the 
elements of the mature connective tissue, but from em- 
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bryonic cells which were not utilised during the period of 
physiological development. 

The second stage of the process consists in the develop- 
ment of this embryonic (“indifferent”) tissue into the 
tissue of the permanent growth, and this subsequent 
development closely resembles that of the immature con- 
nective tissue of the embryo. As from the immature 
connective tissue of the embryo are developed various 
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connective tissue* substances — fi]yrous tissue, ftiucous 
tissue, cartilage, bone, &c. — so wa> this embryonic con-* 
nective tissue, which constitutes tli3 earliest stage of so 
many of the pathological new formations, become cle- 
veloped into various tissues, all of wh»ch usuallv^iore or 
less resemble the •several varieties of the physiological 
connective tissues. The whole of the primary’’ cells may 
form the same kind of tissue, in which case the growth 
will possess the same characters throughout ; or it may 
be complex, some cells forming one kind of tissue and 
some another. A combination of two or more kinds of 
structure may thus be met with in the same tumour — as 
a combination of sarcoma and lipoma, of enchondroma 
and myxoma, and so on. What detei-mincs the ultimate 
development of the young cells, why they produce such 
various forms of growths, is as far from our knowledge as 
what determines the ultimate destination of the cells in 
the embryo. 

Next to connective tissue, the cpithelinm and glandular 
utructnres are the tissues from which tumours most 
fre<iucntly originate ; and as from connective tissue arc 
usually produced growths of the connective tissue type, 
so do the growths originating from the epithelia usually 
resemble epithelium. As to whether all new growths 
originating in connection with epithelium are solely the 
olfspring of pre-existing epithelial elements, we are unable 
to speak with absolute certainty. The answer to this 
question must await a more certain knowledge of the way 
in which the epithelial structures normally grow and 
repair themselves. It is regarded as probable by some 
that ’ the normal prednetion of epithelium is not entirely 
the result of the multiplication of epithelial cells, but that 
the cells of the connective tissue by contact with epithelial 
elements may become developed into epithelium. If this 
be so, it ipust be admitted as at all events equally probable, 
that pathological new formations which originate in con- 
nection with epithelium may be in part the product of 
elements belonging to the connective tissue. This subject 
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will ]>e* again allndeclto whcjj speaking of the tlevclop- 
tnent of carcinoma. ^Tke process of development from 
epithelium may takopplace either by simple division, or 
by vacuolation and endogenous growth. 

Hcre^lllllsiou must be made to the recent investiga- 
tions of OT. Creighton on the development of sccondaiy 
tnnn)urs ii^lhc liver.* Dr. Creighton linds that iu various 
kinds of secondary tumour occurring in the liver, the 
growth originates from the liver-cclls by a jn’occss of 
vacuolation and endogenous formation ; and he concludes 
that in this way liver-cells may originate epithelial cells, 
coiniectivc tissue-cells, spindle-cells, &c., the variations 
depending upon the nature of the primary tumour. 

From the remaining tissues, mmde and /or<;e, the 
development of tumours is comparatively rare, and in 
the highest nerve-tissne it is doubtful if formative pro- 
cesses ever occur. 

According to the similarity or difference which subsists 
between the new growth and the tissue from which it 
grows, tumours are divisible into two classes — hotuo^ 
lotjons and hdernhvjom. When the tumour resembles 
in its structure and development the tissue from which it 
originalos, it is said to bo homologous ; when it differs, it 
is said to be heterologous. A cartilaginous tumour, for 
example, growing from cartilage, is homologous, but 
growing from any other tissue, as from the parotid gland, 
it is heterologous. The same variety of tumour may 
thus be in one case homologous, in another heterologous. 
Heterology, however, is not limited to the production 
of a tissue which is dissimilar from that from which it 
originates ; a tumour is also said to be heterologous when 
^ it differs from the tissue in which it is Hiiudtcd, and this 
may occur without its being the direct product of the 
latter, it is heterology in this sense that is so charac- 
teristic of malignant growths. Cancers, for, example, 
become heterologous owing to the growth and extension 


Discussion on Cancer, Trans. Path. Soc. Lond.^ 1874, p, 368. 
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of tho epithelium Iboyond normt^ limits (sec “ ICpitho. 
lioma,” Vig. 61); and the same farnd^of heterology obtains 
in the case of growths originating* from elements which 
have migrated or been carried from their original haj)itat, 
anfl have developed into a tissue whiAh differs that 
in which they arc situated. ^ 

Erla-tion 01? THE Tumour to Ting swruounding 
Tissues. -The relation of the tumour to the surrounding 
structures will depend upon its mode of growth. T’his 
may be circumscribed or diffuse. In the former case tho 
tumour will merely displace the surrounding parts, 
and having attained a certain degree of development, a 

Fig. 31 



Scirrhm of the ^^amma . — A tliin section from tho 
most cxtoiTial portion of the tumour. Sliowing 
Iho invasion by small-cellod infiltration of the 
muscular libros and adipose tissue in the neigh- 
bourhood of tlio gland. X 200 

fibrous capsule is often formed around it, by which it 
becomes completely isolated. The lipomata, fibromata, 
and enchondromata are usually thus oncapsuled. In 
other cases the growth is diffuse and invades the adjacent 
structures. There is then no line of demarcation between 
the tumour and the surrounding parts, so that although ' 
to the naked eye it may appear separate, the microscope 
will discover in the adjacent tissues elements of the new 
growth. (Fig. 31.) This is characteristic of malignant 
tumours, and is a ^common cause of local recurrence after 
removal. (See “ Malignancy.”) 
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Retrogressive Oi/iVNGEs. — ^ tumour never actually 
Uisappears, and it fliufe differs from an inflammatory 
growth — for example*, from a syphilitic gumma. It may 
remjiin stationary, or grow slowly or rapidly, and sooner 
or late^Hdt usually becomes the seat of retrogressive 
changes. The time at which these Cbrameiice varies : — 
As a rule lihc permanence and durability of a tumour bear 
an inverse relation to the rapidity of its growth, and to 
the inferiority of its organisation. The more rapid the 
growth, and the more lowly organised the tissue formed, 
the less its durability and the sooner do retrogressive 
changes occur. The carcinomata and sarcomata, for 
example, which develop rapidly, and consist for the most 
part of cells, quickly degenerate ; their eleniouts are 
unstable and soon perish. Osseous tumours, on the other 
hand, which develop more slowly, and consist of a more 
highly organised tissue, have a much greater stability, 
and are but little liable to retrogressive metamorphosis. 

The retrogressive changes arc similar to those met with 
in the physiological tissues. Deficient supply of blood 
is followed by fatty degeneration and its various termi- 
nations — softening, caseation, and calcification. Pig- 
mentary, colloid, and mucoid degeneration may also occur. 
Tumours may also become the seats of an inflammatory 
process, of ulceration, hemorrhage, and necrosis. 

Malignancy. — By “malignancy ” is understood the pro- 
perty possessed by many tumours of reproducing them- 
selves either locally after removal, or in distant tissues. 
Tt is important not to confound the terms “malignancy” 
and “cancerous.” Malignancy** is a purely clinical 
term, and although in a high degree the jiropcrty of the 
.carcinomata, is by no means confined to them ; the 
sarcomata, for example, being in many cases equally, or 
oven more malignant. The term ** cancer otia,** on the 
other hand, is used to imply a definite structure, and as 
such is applied to a certain class of new formations. 

The malignant properties of a tumour may manifest 
themselves either in the tissues immediately adjacent to 
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it or in its neighbourhood, in the ^^earcst chain lym- 
phatic glands, or in more •distant ^arts. Some growths 
possess these properties in a hightjr degree than others, 
so that there are different degrees of malignancy. In 
many cases the malignancy of a tumyur^is so fa j lifnited 
that it gives rise, merely to a local reprodij^^on after 
removal. Such tumours have been separately classified 
by many surgeons as “ recurrent” tumouft. (feee “ Small 
Spindle-celled Sarcoma.”) In other growths this ten- 
dency to local reproduction is associated with the develop- 
ment of similar growths in the nearest lymphatic glands; 
whilst in a third class of cases, to one or both of these 
coiiflitions is added the reiDroduction of the growth in 
more distant tissues, especially in the lungs and liver. It 
will be advisable to treat of these three degrees of malig- 
nancy separately. 

1. Ilaproditction of the Tumour in the Adjacent Struc- 
tures. — This is usually the earliest evidence of malignancy 
in a growth, and gives rise to its persistent recurrence 
in loco after removal by the surgeon. This tendency to 
the local reproduction of the tumour is principally owing 
to its mode of growth. The cellular elements of the 
tumour invade the adjacent structures, and often extend 
for some distance into them, so that unless in the opera- 
tion for its removal the incision be carried for some dis- 
tance beyond the apparent confines of the growth, some of 
the elements may be left behind and thus constitute 
thec(3ntres of secondary formations. (Sec Fig. 31.) The 
elements of malignant tumours may probably also, as 
already stated, induce by the intiuence of contact similar 
developmental changes in the cells of the surrounding 
tissue. It is this influence which, according to Professor 
Maier, Dr. Creighton, and other pathologists, is especially • 
characteristic of the cancers, and gives to these tumours 
their peculiar infective properties. The epithelial growth 
is not at first infective, but when its development has 
reached a certain height it exercises an infective influence 
upon the cells of the neighbouring connective tissue and 
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causes thorn in tln‘ir ivolifcration to asSurae an epithelial 
type.* (Sec “ Develqpni^ut of^Carcinouia.^’) Malignant 
tumours are not usually eiicar>suled, hut in some cases 
tumours which possess a distinct capsule infiltrate the 
surrohnljug structiires. The infiltration of the adjacent 
tissues h^ *:he elements of the tumoiy sometimes gives 
rise, not only to the continuous enlargement of the pri- 
mary growth, hut also to the development of separate 
secondary growths in the immediate vicinity of the 
primary one. 

2. lleproditdioii of the Tumour hi the nearest Lym- 
phatic Glands . — This is owing to the transmission hy the 
lymph-stream of cellular elements derived from the malig- 
nant growth, which become arrested in the nearest lym- 
phatic glands, and thfirc cause the development of 
secondary formations. Those are in all cases of the same 
nature as the primary tumour. When the lymphatic 
glands have themselves developed into secondary growths, 
they in their turn constitute new centres of infection, and 
may thus infect more distant glands or the immediately 
adjacent tissues. The tendency to rej^rocluctioii in the 
lymphatic glands varies very much in the difierent 
varieties of malignant growths, being, for example, very 
marked in the carcinomata, whcrercas in the sarcomata it 
is less frequent. The reasons for these differences .will be 
seen in the subsequent chapters. 

3, Reproduction of the Tumour hi Distant Tissues.^ 
This is usually the terminal process in the history of 
malignant growths. The reproduction of the malignant 
growth in distant tissues is in the great majority of cases 
owing to the entry of some of its elements into the blood- 
stream. The secondary tumours, as in the lymphatic 

*^glands, are in all cases of the same nature as the primary 
one, although they arc often softer, more vascular, and 

♦ Rf‘e Paper by Dr. Creighton “On tho Infection of the Connec- 
tive Tissiu‘ ni Scirrhous Cancers of the Breast.’' Journal ofAnatomif 
amt Physiology^ voJ. xiv. 
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show greater activity of#growth.l They occur as a rule * 
in thc.se organs through which the blood from the pti- 
mary tumour first passes — that isf in those organs which 
present the first set of capillaries for jbhe arrest^of the 
ftansmitted materials. In malignalat diseasi^RS^of those 
organs, for exarftple, which return their bfood through 
the portal vein, as the stomach and mesenttft'ic glands, it 
is the liver in which the secondary growths usually first 
occur, and when this has become involved, it may consti- 
tute a secondary centre of infection, and in the same wjiy 
cause tertiary growths in the lungs. Although this 
sequence is the rule, there arc numerous excei^tions. In 
some cases, the organs which are nearest in the course of 
the circulation to the primary growth escape, whilst those 
more distant become affected. This may be owing to one 
organ being more favourable to the development of the 
transmitted elements than another ; or to the capillaries 
of the proximal organ allowing elements to pass through 
them, whereas those of the more distant one are small 
enough to arrest them. Lastly, it must be borne in 
mind that the secondary growths may be entirely in- 
dependent of the primary one, their origin being due to 
the same cause. 

Although the general dissemination of a malignant 
growth is thus in most cases owing to the transmission 
of its elements by tbe blood-stream, this is not tbe only 
way in which it may be brought about. Exceptional 
cases have been described in which the elements of a 
tumour have been distributed and caused secondary 
growths in other ways — as by passing down the trachea, 
travelling between the layers of the peritoneum, and 
from the kidneys down the ureters to the bladder, &c. « 

The secondary tumours, as already stated, are probably 
either tbe direct products of the transmitted elements 
which proliferate in the tissues in which they lodge, or 
they owe their origin to the infective influence of those 
elements upon cells with which they come into contact* 
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It is tlftis obvious th?!); the evjjiences d! malignancy in 
a tumour will consist—^ its invasion of the surrounding 
structures, the implication of the neighbouring lym- 
phatics^ and the ojcurrence of similar tumours in internal 
organs. a genei^l rule it may be stated that th® 
more juice ^ growth contains, and th® richer it is in 
blood-vcsselst anc^ lymphatics, the more quickly will it 
infect the lymphatic glands, and internal organs ; on the 
other hand, the poorer it is in blood-vessels and lym- 
phatics, the more are its infecting properties confined to 
the neighbouring tissues. 

The determination of the innocent or malignant nature 
of any growth will principally depend upon its micro- 
scopical characters, and, as will be seen when considering 
the various kinds of tumours, the differences which exist 
in their clinical characters are in great measure to be 
explained by differences in their position, minute struc- 
ture, and mode of growth. Many varieties of tumours are 
invariably malignant, as the carcinomata and sarcomata ; 
hence any growth which from its minute structure must 
be included under these heads, must be regarded as being 
of a malignant nature. 

Classification. — Tumours may be classified upon a 
histological, or upon a physiological and clinical basis. 
Although a physiological and clinical classification is 
much to be desired, in the present state of our knowledge, 
they must bo very incomplete. The usual classification 
of tumours according to their histological characters is 
consequently here adopted. Such a classification may 
be most advantageously made in accordance with the 
classification of the physiological tissues : — 
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CLASSIFTCATiON OR TUMOURS. 


1. Type of the Fully Beueloped Gouuectiye Tissues, 


T3P<* of fibiouti tisbue . . 

„ adiposo iibsuo . . 

„ fartiUgo. . . . 

„ bone 

jj mucous tissue . . 

„ lymphatic tissue . 

* 

IL Type of Hi yher Tissues, 


. Fibroma.* 

. Lipoma. 

. EucJiondrovia. 

. Osteoma. 

. Myxomji. | ^ 

( Ilodpkiu’s 
Biscabc. 
Lcuksemla. 


T}])e of muscle Myoma. 

„ nerve ..... Neuioma. 

,, blood-vchselb . . . Angioma. 

„ papillm of bkm ori 

mucous membrane . J I'apilloma. 

„ secretiug glands . . Adenoma. 


III. Type of Embryonic Connective Tissue, 


The Sarcomata, 


{Spindlo>cellod Sarcoma . 

Itound-cellcd Sarcoma . . 
Myeloid Sarcoma. 


' Small spindle-celled Sarcoma 
Large „ „ 

Melanotic Sarcoma. 

‘ Osteoid Sarcoma, 
f Glioma. 

\ Alveolar Sai'coma. 


IV. The Ga/rcinomata* 

Scirrhus. 

Kiicephaloid.> 

Colloid, s 

Epithelioma — Adenoid Cancer. 


y. Cystic Tumours, 

Cysts. 



CHAPTER XIIL 

THE FIBROMATA. 


The fibromata, fibrous, fibro-cellnlar, or connective-tissue 
tumours, are tumours consisting of fibrous tissue. 

Structuhe. — In structure the fibromata present tbe 
same variations as those met with in fibrous tissue. 
Some of them are composed of firm, dense, fibrous tissue, 
such as constitutes tendons; others are laser and less 
fibrous in consistence, more resembling the connective 
tissue of the cutis. The fibres, which constitute the 
chief part of the growth, arc more or less closely inter- 
laced, and are distributed without any delinito arrange- 
ment, or grouped hi bundles of various sizes. They arc 

Fig. 32. 



Sectmi of a. Fihrows Tanwmrfnm. the S/ iw.— lu tlio neighbourhood 
of tlio cut blood-vessel v, are seen some cells : also fibres cut trans- 
versely. X 200 and reduced i 
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sometimes ar rail god co]|centrica|ly around the blood- < 
vessels. (Fig. 32.) Yellow fllasiic fibres are but very 
rarely met with. The cells, like tRose of normal fibrous 
tissue, are very few in^number, and j.re usually most 
ifbundant around the vessels. They* are minu+e, spin die - 
^:llaped, fusiform^ or stellate bodies, the Ifittcr having 
procesvses of varying length, which cqmm«inicate with 
similar processes from neighbouring cells. They are 
often so small and indistinct as in the fresh specimen 
only to become visible after the addition of dilute acetic 
acid. The si/e and number of these cells vary with the 
ra]udity of growth — the slower the growth the more 
riurous the tissue, and the smaller and less numerous are 
tlie cells. 

The libromata usually contain but few blood-vessels. 
Ill the softer growths, however, these are often more 
numerous. They sometimes form a cavernous network, 
the walls of which are firmly united to the tissue of the 
tumour, so that when divided or rui)tured they are unable 
to retract. In such cases, injury to the tumour is often 
followed by profuse haemorrhage. 

Dj^vklocmknt. — I’ho fibromata originate from connec- 
tive tissue, cither from the cutis or subcutaneous oonncc- 
livc tissue, from the submucous or subserous tissue, from 
f.isciio, the periosteum, the neurilemma, or from the 
j’ounective tissue of organs. In the earliest stages of 
iheir growth the cells are more numerous than when 
d(n^elopment is complete. (See “Development of 
Tumours.”) 

Seco>ji)aiiy Changes. — Of these, partial mucoid soften- 
ing and calcification are the most common. Ulceration 
also sometimes occurs in those growths which are situated 
p the skin and submucous tissue. 

I Vaiulties.— Fibrous tumours present some variations 
|n their, characters, which depend for the most part upon 
Ihe tissue from which they grow. Two classes may be 
distinguished : — 

1. Soft Fibromata . — These ^consist of the looser and 
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less den&e form of fibv>iis tissue. They are met with as 
difiased growths in ^he • subcutaneous and submucous 
tissue. In the formlr situation they often form large 
pedunculated and non-cncapsi^ed tumours, which are 
commo5l\ known ds wens. These are sometimes mu»I- 
tiple. A sitnilar increased growth of 4)he subcutaneous 
tissue is als* meji with in Mollusr/um Fihrosum. In this 
disease the large masses which hang down from the 
thighs, buttocks, and other situations consist simply of 
loose fibrous tissue. The new growth here often contains 
numerous large blood-vessels, so that its removal may 
lead to dangerous hiemorrhage. 

In addition to these diffused growths, more circum- 
scribed and encaiisnled fibrous tumours of the soft variety 
are occasionally met with growing from the scalp, scro- 
tum, labium, inteimuscular septa, and other situations. 

2. Firm Fibromata, — These are composed of dense 
fibrous tissue resembling that met with in tendons. They 
are firm, hard, cncapsulcd tumours, presenting on section 
a greyish-white, glistening, fibrous appearance. These 
tumours often occur in connection with bone, especially 
with the upper and lower jaws, originating either in the 
centre of the bone or from the periosteum. Growing 
from the periosteum of the alveolus they constitute 
simple fibrous epulis. They are also met with in the 
nose, where they form one variety of nasal pohjims. It 
is in these firm fibrous growths that the communication 
of the blood-vessels with cavernous spaces already alluded 
to, is sometimes found. 

Another variety of firm fibrous tumour grows in con- 
nection with nerves, and is often described as neuroma. 
True neiiromata, however — i,e, new formations of nerve- 
tissue — are amongst the rarest forms of new formations. 
These fibrous growths most frequently occur in connec- 
tion with the superficial nerves. They grow from the 
.ajeurilcmma, and as they increase in size the nerve-fibres 
i thiorae expanded over them. They are very firm, rounded 
’ersel>^nry^ and arc frequently multiple. 
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The fibroid tumours the ulerus, which are ofteu 
desciibed as fibrous tumours, ♦are in most cases over- 
growths of tlie involuntary muscular tissue of the organ. 
They will therefore be considered wijh the :^i8cular 
ttimours. (See “ Myoma.”) * 

Clinical Cjiabacters. — Clinically the fibromata are 
perfectly innocent. They grow slowly, and Jiavc no ten- 
dency to recur locally after removal. 


PSAJilMOMA. 

This is perhaps the best place to allude to a rare form 
of growth occasionally met with in the brain and its mem - 
branes, which is known as psammoma. The most charac- 
teristic feature of this growth is that it consists largely 
of calcareous particles. These arc contained in the 
concentric bodies already described as the corpora 
amylacea, where they give rise to the so-called “ brain- 
sand”: — hence the name of the growth. The calcified 
corpora amylacea, associated with a varying quantity of 
a cellular and fibrillated tissue, and blood-vessels, make 
up the growth. 

Psammoma is usually met with growing from the 
membranes of the brain, or from the choroid plexus. In 
the latter situation it often contains numerous cysts. It 
is of no pathological importance except when of sufficiently 
large size to produce symptofias from pressure. 



CHAPTER XIV. 


THE LIPOMATA. 

A GENERAL iiew formation of adipose tissue, constituting 
ohedhj, has already been described under “ fatty infiltra- 
tion.” A localised and circumscribed formation consti- 
tutes a lipoma or fatty tumour. 

Structure. — The lipomata resemble in their structure 
adipose tissue. (Pig. d3.) They consist of cells containing 

fat, and a variable quan- 
tity of common connective 
tissue. The cells, like 
those of adipose tissue, 
though usually somewlnit 
larger, arc more or less 
round or polygonal in 
shape, and arc distended 
with fluid fat. The nu- 
cleus and protoplasm are 
so compressed against the 
cell-wall by the fluid con- 
tents, that, although their 
existence may often be 
demonstrated by treatment with reagents, they are 
usually only readily visible when the cell is atrophied 
and contains less fat. (See Pig. 4 a.) The connective 
tissue, which varies in amount, usually unites thn cells in 
masses or lobules of various sizes, and also in most cases 
forms a thin capsule around the tumour. Blood-vessels 
are distributed in the fibrous septa. 


Fio. ns. 



JAponut. Sonn) of Uio ccjIIs contain 
crystiilli sod fjj tty acids, x 20(L 
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De\'KLOPMI3NT. — The lipomata ^row from connective 
tissue. Adipose tissue, it must-be Ireniembered, is merdly 
connective tissue containiiif^ numerous cells which arc 
infiltrated with fat ; and its growth coiuysts, eithjjp in the 
infiltration of more of these cells, or in a proliferation 
of the cells, and dn accumulation of fat in those ncwl}'- 
developed. A lipoma in the same way originates by a 
localised proliferation of cells, which as they are produced 
become inliltrated with fat. The growth of these tumours 
is always very slow, and they arc usually cncapsuled by a 
layer of tibroiis tissue. 

Skcondarv Changes,— Secondary changes in tbe lipo- 
mata are not common ; their fibrous septa may, however, 
become calcified, or even ossified, and the fatty tissue 
undergo a process of liquefaction. Softening may also 
occur from a mucoid change. Inflammation of these 
tumours is rare, but when situated in the subcutaneous 
tissue the skin over them may become adherent and 
ulcerate. 

Pn\siCAii CiiAUACTEUs, &c. — The situation of the lipo- 
mata is almost co-(*xtensive with that of adipose and 
connective tissue. They occur most frequently, however, 
in those parts in which fat is normally met with, as in 
the sulicutaueous tissue and the inter-muscular septa. 
'Phey are also occasiona-lly^ developed in the subsyiiovial 
and subserous tissues, in the submucous tissue of the 
stomach and intestines, and even in internal organs. 
They sometimes attain an enormous size. They are more 
or less lohulatod, and are usually surrounded by a fibrous 
capsule which separates them from the adjacent structures. 
On section they present the ordinary appearance of adi- 
pose tissue. Their consistence varies with the amount of 
fibrous tissue which they contain. They are usually 
single, although not unfrequently multiple.’ In their 
growth they occasionally become pedunculated. 

CuxiCAL Chauacteks. — Clinically, the lipomata are 
perfectly innocent. 



CHAPTER XV. 

TIIK ENCHONDROMATA. 


Fig. :U. 


l^UFi Encliondromata are tumours histologically resem- 
bling cartilage. 

Structuuh. — Like cartilage they consist of cells and 
an intercellular substance, which present all the varia- 
tions observed in the normal tissue. The intorcollular 
substance may be hyaline, faintly or distinctly fibrous, or 
mucoid. W’^hen fibrous, the fibres may be arranged like 
those of fibro- cartilage, or more or less concentrically 
around the cells, as in the reticular cartilages of the ear 
and larynx. (Fig. i.) When hy- 
aline or mucoid, it is sometimes 
quite soft in consistejice. TTie cells 
may be very numerous, or few in 
proportion to the matrix. They 
are round or oval, and occasionally 
branched and stellate. In the hy- 
aline forms they are usually large 
and round or oval (Fig. 35) ; in the 
fibrous forms they are often smaller 
and even somewhat sjundle-shaped, more resembling those 
of connective tissue; and in the rarer mucoid forms, 
they are more commonly stellate and branched, like those 
of the umbilical cord. They are either single or arranged 
in groups, and are usually surrounded by a capsule, as 
in normal cartilage, although this is often very indistinct. 
They enclose one or more nuclei and slightly granular 
contents ; sometimes a cell- wall cannot be distinguished. 



Fibrous Enrhoudroma. 

X 200. 
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In addition to the iiitertelliilar slibstanco, tho growth in 
usually divided into several lSbej| by bands of fibrous 
tissue, in which are contained the blood-vessels. These 
lobes are often very dis- 
tfnct, so that tho growth Eio. So. 

appears to bo madfc up of 
several separate tumonrs. 

The fibrous tissue in most 
cases also encapsiilcs tho 
growth, and separates it 
from the surrounding 
structures, although 
sometimes tins encapsu- 
lation is absent, and the 
tamour 18 surrounded by fjndumlronm. x 20(). 

a zone of embryonic cells, 
which infiltrate tho adjacent tissues. 

DLVELorMKNT.— Tho enchondromata most frequently 
originate from bone and common connective tissue, very 
rarely from cartilage. Cartilage itself, and especially 
fibrous cartilage, is very closely allied to common connec- 
tive tissue, it grows from the deeper layers of the 
perichondrium, which proliferate and form an embryonic 
tissue ; the young cells become cartilage cells, and these 
probably form the matrix, which is either homogeneous 
or fihrillated, constituting in the one case hyaline, and in 
the other fibrous cartilage. The development of enchon- 
droma from connective tissue is precisely similiar to the 
l^hysiological progress. 

In tho development of enchondroma from osseous tissue 
the medulla is tho source of the new growth. This pro- 
liferates, the osseous trabeculae are absorbed, the neigh- 
bouring medullary spaces open one into the other, and in 
this manner a large medullary cavity is produced. In the 
centre of this the young cells first formed enlarge and 
become separated by a homogeneous, or, less frequently, 
slightly fibrillated intercellular substance, and thus is 
produced a mass of cartilage in the centre of the mednl- 

K 2 






NUTIUTTOX INCREASED. 


lary tissue. This gni^ually iiljreasca till ultimately a 
layer of fibrous tissue js firmed around it, and its further 
growth takes place from the tissue of its capsule. 

Lastly cartilajiinous growths may originate from carti- 
lage itself. Those are sometimes seen on the surface of 
the articular cartilages, in the lar3’^nx au'd trachea, and on 
the costal aifll intervcrt(‘bral cartilages. They are simply 
local outgrowtlis from pre-existing cartilage. 4 ’hey rarely 
attain a large size, and in structure and physical charac- 
ters more closely resemble normal cartilage than the other 
forms of enchondroma. They are usually described as 
tmchondronfis, and must be distinguished from the other , 
forms of cartilaginous tumour. 

Skcondaiiy CiiANGhs.- -Of these, calcification is much 
the most common. It atfects diflorciit parts of the 
growth, comriicucifjg in tlie capsules, and then involving 
the intercellular substance. Ossification also occasionally 
occurs ; it comineuco.s at separate centres, and spioulu) 
of bone are formed which toverse the tumour in various 
directions. Fatty degeneration and mucoid softening are 
common changes, and may lend to the formation of large 
softened masses which present the api>i‘ar5ince of cysts. 
In rare cases the skin covoiing the tumour ulcerates, and 
a fun gating mass protioides, 

A^akieties. — The varieties of enchondroma d(*pend 
mainly upon the nature of the intercellular substance. 
There are tlius hyaline, fibrous, and mucoid enchondro- 
mata ; these, however, are usually combined in various 
degrees in the same tumour. As a rule, those originating 
from the medulla of bone are of the liyaline and mucoid 
class, whilst those originating from connective tissue in 
, other situation s are more frequently fibrou s . The rapidly- 
growing fibrous forms approach very closely the confines 
of the sarcomata, the mucoid forms the confines of the 
myxomata; and these two kinds of growth ai’\3 often 
associated in the same tumour. 

A vsiriety of enchondroma has been described under 
the name of osteo-chondroma, which in structure more 
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closely resembles? bone tjian carijila^e. It consists of a 
tissue si miliar to that ‘met wi4b between the periosteiyn 
and bone in rickets, which from itstesemblance to osseous 
has been called osteoid tissue. This tissue only requires 
cyJoifyi ng to become true bone. Lil»?e Ubno it is Thade up 
of trabecula) an(^ medullary spaces, but the trabecula), 
instead of bone-corpusclce and lamellae, coijsist of small 
angular cells without a capsule, situated in an obscurely 
fibrillated matrix, which in part is calcified. 'J'hc medul- 
lary spaces contain a fibrous stroma and many blood- 
vessels. 'rhe osteo-chondromata, although consisting 
mainly of this osteoid tissue, contain also a small proportion 
of cartilage. They originate beneath the periosteum, their 
common seat being the ends of the long bones. Their 
growth is very rapid, and they often attain an enormous 
size. They are much more freely supplied with blood- 
vessels than the ordinary enchondromata, and hence they 
are much less frequently the seats of retrogressive changes. 
They are especially prone to become ossified and converted 
into true bone. 

PnysTCiVL Cii MiACTERS, &c. — The enchondromata occur 
most frequently in early life. About three-fourths of 
them are met with in the osseous system, where they 
grow either from the medulla or from the periosteum. 
There favourite seat is the fingers and toes. The remain- 
ing fourth occur most frequently in the parotid gland 
and in the testicle. They occasionally grow in the inter- 
muscular septa, in the subcutaneous cellular tissue of 
the •mamma, and in the lungs. They are usually single, 
except when occurring on the fingers and toes, in which 
, situations they are more frequently multiple. They con- 
sist of a single tumour, or of several smaller tumours 
held together by fibrous tissue. The more slowly growing 
enchondromata are hard, smooth, elastic tumours, often 
lobulated, and seldom exceeding the size of an orange. 
Less frequently these tumours grow very rapidly, are 
quite soft in consistence, and attain a large size. 

Clinical Cuakactees. — ^T he enchondromata must for 
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the moiJfc part be rogjy’ded as jnnocent* growths. They 
arp usually encapsulorL au-l in most cases produce merely 
local effects, although these, from the parts involved, and 
the rapidity of growth, are often very injurious. The 
softer flfrms, however, and especially those which •occur 
in the medulla of bone and in gland^t occasionally ex- 
hibit malignant characters. These grow the most rapidly, 
and are often not limited by a fibrous cai)sule, but sur- 
rounded by a zone of embryonic tissue. Such tumours 
tend to recur locally after removal, and in rare cashes also 
infect the lymphatic glands, and are reproduced in the 
lungs. In speaking of the malignancy of these enchon- 
dromata, it must be borne in mind that they are some- 
times associated with sarcoma, and the malignant pro- 
perties are probably in all cases to bo ascribed to the 
combination of sarcomatous with the cartilaginous 
elements. 



CHAPTER XVJ. 

THE OSTEOMATA. 

T'iie Ofciteoraata, or osseous tumours, are tumours consist- 
ing of osseous tissue. A new formation of bone occurs 
under various circumstances. Irritative conditions of the 
bone and periosteum are often attended by a large forma- 
tion of new bone. This is seen after fractures, in which 
there is not only a formation of bone from the bone 
itself, but also from the periosteum and adjacent fibrous 
structures (“permanent” and “provisional callus”). 
Chroui(5 inflammation of the periosteum is also fre- 
ciucntly followed by thickening of the bone beneath it. 
'Fhese, however, are inflammatory formations, and have 
not an independent growth like the osseous tumours. 

Stuuoturk. — Osseous tumours resemble in structure 
normal bone. There are three histological varieties : — 

1. Tlie Ehurnatad Osteomata , — These consist of dense, 
compact, osseous tissue. The lamellae are arranged con- 
centrically and parallel to the surface of the tumour. 
There is a complete absence both of blood-vessels and of 
cancellous tissue. 

2. The Compact Osteomata . — ^These are formed of a 
tissue similar to that of the compact tissue of the long 
bones ; differing only in the arrangement of the Haver- 
sian canals and canaliculi, which is less regular than in 
normal* bone. 

3. The Cancellous Osteomata . — ^These consist of cancel- 
lous osseous tissue, which is usually surrounded by a thin 
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layer ol^ denser bone. The medullary spaces may contain 
embryonic tissue, a fibriiyited tissue, or fat. 

* Development. — Osleous tumours originate from bone 
or its periosteum, from cartilage, and from connective 
tissue ai)art from bene. 

Vajheties. — The osteomata are divisible into two 
classes, according to their seat — the homologous osteo- 
mata or eHosto^ca, and the heterologous osteomata or 
osteophytes. 

The homologous osteomata or exostoses, are outgrowths 
from pre-existing bone, growing cither from the peri- 
osteum, from the articular cartilage, or from the medulla^ 
Those growing from the periosteum occur most fre- 
quently on the external and internal surfaces of the 
skull : the orbit is an especially favourite seat, and here 
they are often dense and eburuated. They are also met 
with on the scapula, pelvis, and on the upper and lower 
jaws. In the last-named situation they may grow from 
the dental periosteum. There is usually a. line of demar- 
caction between them and the subjacent bone, the new 
tissue of the tumour being distinct from the compact 
tissue of the bone. The periosteum from which they 
grow covers them, and is continuous with that of the old 
bone. 

The exostoses growing from the articular cartilages 
occur at the ends of the long bones. In structure they 
are .much more cancellous than the periosteal growths, 
and their outline is less regular. The medullary exostoses 
— or more properly, enostoses — are the least frequent: 
they originate in the medullary tissue. 

The heterologous osteomata or osteophytes, originate 
apart from bone, growing from connective tissue. They 
are especially liable to occur in tissues in the neighbour- 
hood of bones which are the scat of a chronic inflam- 
matory process, and they must in most cases be regarded 
rather as inflammatory formations than as tumours. 
Such formations of bone are sometimes met with in the 
neighbourhood of diseased joints and of diseased bone in 
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other situations, •in tendons, in . the cartilages^of the 
larynx in chronic laryngitis, ii^ tfic costal cartilages, in 
tlio bronchi, in muscle, in the araclnoid and pia mater, 
and even very occasionally in the lungs and brain. They 
Timst be distinguished from calcareom deposits, in which 
there is no new formation. (Sec “ Calcareous Degene- 
ration.”) ^ 

Clinical Cuaractkils. — ^Thc osteomaiSi are perfectly 
innocent tumours. Their growth is very slow. They 
rarely attain a large size. They are often hereditary and 
multiple, in which case they usually occur in early life. 
'J’hose ossooua growths which sometinics exhibit malig- 
nant characters, arc enchondroinata or sarcomata which 
have undergone partial ossification. From tliese, true 
osteomata must be carefully distinguished. (See “Os- 
teoid Sarcoma.”) 



.CHAPTEU XVII. 


THE MYXOMATA. 

Tiik myxomata are tumours consisting of mucous tissue. 
Mucous tissue is a translucent and succulent connective 
tissue, the intercellular substance of. which yields mucin. 
Physiologically, this tissue is mot with in two forms, and 
in two situations : — one — in the vitreous body of the eye, 
in which the colls are roundish and isolated; the other — 
in the umbilical cord, in which the cells are fusiform or 
stellate, and give oft* fino prolongations which anastomose 
with one another. In both, the intercellular substance is 
homogeneous and yields mucin. Tlic connective tissues 
in their embryonic condition, as already stated when 
describing “mucoid degeneration,^* possess an inter- 
cellular substance containing large quantities of mucin. 
This is especially the case with the tissue which subse- 
quently becomes adipose. New formations may undergo 
a mucoid change, and thus closely resemble in their phy- 
sical and chemical characters the myxomata. A myxoma, 
however, is a growth which consists of mucous tissue. 
The myxomata are thus very closely allied to the sarco- 
mata, and by many are included in the same class of new 
formations. 

Stiiucture.— l^hc cells present the two varieties met 
with in the physiological tissues. The majority are 
angular and stellate, with long anastomosing prolonga- 
tions. (Pig. 3t).). Others are isolated, and fusiform, 
oval, or spherical in shape. They usually possess one, 
in some cases two distinct nuclei. Their contour is very 
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indistinct, owing fo the refracting nature of the inter- 
cellular substance. The latter t is very abundant, per- 
fectly homogeneous, of a soft gelltiniform viscid con- 
sistence, and yields large quantities of mucin ; amongst 
it are a varying number of amoeboid *06118. The blood- 
vessels, which arc jiot numerous, are readily visible and 
easily isolated. A few elastic fibres are sometimes seen 
between the cells. * 

Fig. 36. 





^fJJ.lso}na. A tainuto i)ioco of a myxoma of 
tlie arm, hhowiii^ tlio chanictcristio branched 
anastoiiiosiiii^ colls. There are also a few 
leucocytes, and one or two spindle-shaped 
oleniculs. x 200. 


Development. — The myxomata always originate from 
one of the connective tissues. Adipose tissue is their 
most favourite seat — either the subcutaneous, the sub- 
mucous, or the inter-muscular adipose tissue. They also 
grow from the medullary tissue of bone, the connective 
tissue of organs, from the connective tissue of the brain 
and spinal cord, and from the sheaths of nerves. They 
are usually separated from the surrounding structures by 
a very thin fibrous capsule, fine prolongations from which 
divide the growth into lobules of various sizes. In ex- 
ceptional cases they may increase by the continuous 
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invasion of their matrix. The^r growth is usually slow, 
but they may attain an enormous size. 

Secondary Chancres. — Of these the most common is 
rupture of the capillaries, haemorrhsige, and the formation 
oi sanguineous bysts; this, however, is less frequent tljan 
in the sarcomata. The cells themsplves may undergo 
mucoid or fatty degeneration, and thus be destroyed : 
this is usually'iicconipanied by liquefaction of the inter- 
cellular substance. 

Varieties." -The varieties of myxoma depend prin- 
cipally upon its combination with other growths. 'The 
most common is a combination with li]>oma. Combina- 
tions with sarcoma, cnchondroma, and adenoma, are also 
frequently met with. 

PmsicAL OiiAKAcrERs, &c. — The myxomata are of a 
peculiar soft gelatiniform consistence, and of a »pale 
greyish or reddish-white colour. Their cut surface yields 
a tenacious mucilaginous liquid, in which may be seen 
the cellular elements of the growth. They arc most fre- 
quently met with in the later periods of life. Growing 
from the sheaths of nerves, they constitute one variety 
of so-called neuroma. They may also grow from the 
placenta, constituting tho “ uterine hydatids.” When 
situated in superficial parts they may become peduncu- 
lated. In the submucous tissue of tlio nose they consti- 
tute one form of nasal polypus. 

CuNiCAL Characters. — Clinically the myxomata are 
foV the most part benign growths. If completely removed 
they rarely recur. Sometimes, however, they exhibit 
malignant characters, and recur locally after removal. 
They • probably never reproduce themselves in internal 
organs. In speaking of their malignancy their occasional 
association with sarcoma must be borne in mind. 



C Iff AFTER XVIir. 

LYJ[PHOMATA. 


The Lymphomata are new formations consisting of lym- 
phatic, or as it is } sometimes caller], aclenoid tissue (the 
“adenoid tissue” -Jbf His). Lymphatic tissue is the 
tissue composing t/fie follicles of the lymphatic glands 
and the JMalpighiai i corpuscles of the spleen, and existing 
ill many other par s belonging to the lymphatic system, 
'riiis tissue is now known to have a much more general 
distribution than was formerly supposed; it not only 
constitutes the foil iclcs of the lymphatic glands and the 
Maljughian covpu‘ ides of the spleen, but also Peycr’s 
glands and the sr litary glands of the intestine, the fol- 
licles of the phar nix and tonsils, the thymus gland, and 
the trachoma glan ds of the conjunctiva. Kecently it has 
also been found ]to exist in many other situations, as 
around the bloodivossels of the pia mater and of other 
parts, in the neijahbourhood of the smallest bronchi, in 
the jileura imme^'iiatcly beneath its endothelium, in the 
pejitoneum, in tli mucous mcrabraue of the alimentary 
canal, and in the hfiedulla of bone, 

STRUCTUiiJi:. — L yraphatic tissue, wherever it exists, pos- 
sesses the same general structure, and the follicle of a 
lymphatic gland may be taken as the type not only of 
the physiological tissue but also of the pathological 
growths. * 

This tissue cot isists essentially of a delicate reticulum, 
within the mes] les of which are contained numerous 
lymphatic eleineifits— the so-called lymph-corpuscles. The 
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reticulum is made uR of ver^ fine fibrils Avbicli form a 
tlose network, the i^iesfies of which ^re only sufficiently 
large to enclose a few, or even a single corpuscle, in each. 
The fibrils usually present a more or less homogeneous 
appearance, and nuclei are sometimes to be distinguished at 
the angles of the network. (Pig. 37.) The lymphatic cells, 
or lymph-borpnscles, which constitute: the greater part of 
the tissue, can in most cases be readily removed from the 
meshes of the reticulum by the agitation of thin sections 
in water. They are identical in their characters with the 

Pio. 37. I 



fjymplioma . — A thin socUon of a ly mphomatous 
tumour of tli« modiaKliuimi, from w Inch most of 
tJie colls have boon removed by pencil ling. Show- 
ing tlio reticulated netw<irk, and the nuclei in its 
finghjs. This network is much coar4er than that 
usually met with, x 200. 


white cells of the blood. As usually! seen after death, 
they are spheroidal, jmle, semi-transpare nt bodies, varying 
considerably in size, and also presenting slight differences 
in their structure. Some are granuk r, and appear to 
possess no nucleus ; in others, a distinc t, simple, or com- 
pound nucleus is visible, which is usual ly also granular ; 
others again are much larger, and coijltain two or even 
three nuclei. (Fig. 38.) 

The histological characters of the l}lmphomS,ta, how- 
ever, vary considerably, according to th J rapidity of their 
development. In the rapidly growing frorms the propor- 
tion of cells is very great, and many of ^ these arc larger 
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than those normally met mih. in lymphatic glands, con- 
taining two, or eveb more, nucl^. The more slowly gro\x- 
iog tumours, on tnc other hand, are less richly cellular, 
and the reticulum jconstitutes a more prominent part of 
tilt} growth. (Fig. 39.) In these the larger cell-forms also 
are almost eutirel|r wanting ; and the reticulum, instead 


Fro. 38. 


e 

o 


0^0 



^ ^ Celfs fr^n a Lymphniio (Jroirth in the Jjiver. 

Those tol the left are the ordinary lyniph- 
corpiisclosi which constituted the greater part 
of tlio gro'Evth. To the right av4} some of tho 
larger ele^nouts. x 350. 

of being cxcecdm Jgly delicate, is much coarser, and forms 
" network of brfcad homogeneous or slightly fibrillated 
bands. As the rlpticulum increases the lymph corpuscles 
gradually diminisjh in number and become arranged in 
smaller groups wSthin its meshes. (See Fig. 39.) These 
variations in the ||ir()portion of cells and stroma are pre- 


Fio. 39. 



x' j Section of a firm lymphoma of 

tho ine<iiij|aBtmura, Showing a vei 7 thickened 
. roticulnP'jln, within the meshes of which the 
lyraphol Ijd cells are grouped, x 200. 

cisely analogous l to those met with in lymphatic glands 
as the result J If acute and chronic inflammation. (See 
“ Inflammation} ^ of Lymphatic Structures.'*) 
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Dkyblopment.- TIiq lymphoipaata originate for the most 
Ijart from lymphatic tisitie, heing simply overgrowths of 
pre-existing lyiiii)liatic structures — mainly of the lym- 
phatic glands, 'riiey are, therefore, usnally homologous. 
'JTioy may, howevei*, be heterologous, Either owing to the 
new tissue extending considerably be^ymd the confines of 
the old, or |o its growth in situations >(.hcre it is normally 
almost entirely wanting. This lattei] condition obtains 
in Hodgkin’s disease, and in certain fprms of lymphoma 
which are malignant. 

In considering the development of these growths it 
must be borne in mind that eulargenileiits of l^aiiphatii 
structures are most frequently of an inf ammatory nature, 
being due to some injury; and histolo jically, as already 
indicated, tliei’O is but little difference jbet ween these iii- 
fiammatory growths and lympliomatoi s tumours. TMie 
inllammatory growths, however, tend to subside, the 
tumours continuously to increase. Fin ther, the devi‘L)p- 
ment of the tumours may, like ih at of the inllammatory 
growths, be determined by some injur y, the injury pro- 
ducing perhaps some inflammation ai id enlargement of 
the gland, but this instead of subsidiii g continues mori* 
or less rapidly to increase. (See “EtiolAgy of Tumours.”) 

Secjonuajiy (Jiiangks. — The lymphoiliata do not un- 
dergo marked retrograde changes. ThJjre is no fatty de- 
generation, caseation, or softening, sulch as occurs in 
scrofulous glands. 1 

PiiYsiCAL CuAiiACTEiis, &c. — The physfecal characters of 
the lymphomata vary according to the f rapidity of their 
growth. The rapidly-growing forms, iln which the cel- 
lular elements are so numerous, are ofj a greyish- white 
colour and soft brain- like consistence, Anucli resembling 
encephaloid cancer. These often attain oin enormous size, 
and infiltrate the neighbouring structures. • They have 
been called by Yirchow lymjpho-sarcom^ Those which 
are more slowly develoiJcd, and in whiem the reticulum 
constitutes the greater portion of the growth, are much 
harder in consistence, sometimes beingi almost carti- 
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lajjinous. These harder growths rarely attain a largo 
size. 

Clinical OuAiiAt-fBas, — Clinically, the lymphomata 
arc, for the most perfectly innocent tumours. They 
originate most freduontly in the lymTphlitic glands, the 
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continuous increase in size. Some- 
itated, the enlargement of the glands 
place to bo of an inttanimatory nature 
some irritation, but upon this being 
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cases, however, no such source of 
irritation is disco glands which are especially 
T. rone to tliis disAy^ge, arc the cervical, the submaxillary, 
tne axillary, the i' iguinal, the broiujhial and mediastinal, 
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\ ry largo lobulat .(j tumours. When occurring in the 
\-;odiastinum thej may invade one or both lungs, and 
hey constitute he ,q the most common form of mediastinal 
“Thoracic Cancer”). The lymphatic 
intestine may in tlic same way become 
ect, so as to form polypi. 

occasionally, however, exhibit malig- 
This is especially the case in those 
richly cellular, sRft, rapidly-growing forms which arc ■ 
sometime.s met with. Such growths may rapidly infil- 
iug structures, involve the neighbouring 
and even infect distant parts. To 
brms the term lymph adenoma is some- 
hey correspond with Virchow’s lympho- 
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HODGKIN S 

This disease is characterised by thi 
lymphatic glands in various parts of 
with the develo{)mhnt of lymphatic g' 
organs, especially in the spleen; b: 
the numb^»r of red corpuscles in the] 
progressive anaemia. The new gro^j 
similar, histologically, to lymphoma, 
lormerly described by Hodgkin, B] 

Trousseau, and is called, after the fijra^geau designated 
observers, “Hodgkin’s Disease.” Tronl'^jj^ „ 
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This new growth of lymphatic tissue. 
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V, NEUROMATA, AND ANGIOMATA. 


Thb myomata arj 
A new formatio. 
as being freqiiei 
of hypertrophy, 
muscle — a simpV 


THE MYOMATA. 


tumours consisting of muscular tissue. 
i of muscle has been already described 
Jtly associated with the ordinary process 
muscle accompai of striated and of non -striated 

“Hypertrophy.”] ) hyperplasia of the elements of the 
STiiecTaiiE. — ' i^hc increase in their size. (See 

of nou-striated n [ 

only two or thr myomata consist cither of striated or 
these were conge ’*iscle. The former are exceedingly rare, 
■The myomata o examples having been recorded, and 
physiological tisi 

shaped nuclei, m non-sirlaied muscle consist, like the 
ciculi of various^®* of elongated spindle-cells with rod- 
ncctive tissue. or less isolated or grouped into fas- 
abundant, espeBsiz®®^ ^ varying quantity of con- 
these growths i®^® connective tissue is often exceedingly 
occur— have tumours, so much so, that 

The muscular p uterus — where they most frequently 

regular arrang8*“®“ly known as ** fibroid'* tumours, 
the tuihour. . Ilements either present a more or less 
numerous, are *|^ont, or pass in all directions through 
Hevelopmen blood-vessels, which are usually not 
in the urino-gc tUtributed in the conhective tissue. 

I (—Striated myoma appears to originate 
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round-celled than in the spiiMlc-celled and myeloid 
growths. A circumscribed growth is less common. A 
sarcomatous tumour, however, often becomes encapsuled, 
an(J growth takes place within the caj^ule ; but even in 
this case the capsule is sometimes merely that of the 
lart within which the growth originates, as the perios- 
{jum, or the capsule of a lymphatic glands * 

Skcondary Changes. — The most important of these is 
btty degeneration. This always occurs to a greater or 
iiss extent in the older portions of the growth, ciiusing 
l>)ftening, or the product! ii of cyst- like cavities. It is 
cequently associated witp.* destruction of the blood- 
vessels and hasjnorrhiige : the latter may give rise to the 
formation of sanguineous cysts. (See “Blood-Cysts.”) 
Calciiication, ossilication, and mucoid degeneration are 
less common. The occurence of calcification, ossification, 
and pigmentation is influenced by the predisi)()sition of 
the matrix from which the growth is produced : — ^thus, 
calcification and ossification are more prone to occur in 
tumours originatin: in connection with bone, pigmenta- 
tion in those origiij'.Ui'^,g from the cutis or eyeball. 

Variettes. — Althou^ph all the sarcomata possess the 
same general characteis, they present many histological 
and clinical differences which may serve as bases for 
their classification. The occurrence of various secondary 
-(Changes— -pigmentation, mucoid degeneration, and the 
sformation of cysts, impart their respective characters to 
Ibhe growth; hence melanotic-sarcoma and cystic-sarcoma^ 
}iave been described as distinct varieties. This is to a 
Hertain extent justifiable, inasmuch as sarcomata which 
mve undergone these transformations, in many cases 
possess the property of reproducing the same characters 
|khen they occur secondarily in other pp,rts. Then, ag^n, 
as already stated, sarcomatous tumours are sometimes 
complex’in their structure, and are associated with other 
tissues belonging to the connective-tissue group. A com- 
bination of sarcoma with iatty, cartilaginous, osseous, 
and mucous tissue, is thus not uncommonly met with* 

f 
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This is owing to the emoryonic tissue exnibiting a ten- 
dency to develop into the different varieties of connective 
tissue. (See “ The Tumours.”) The mixed forms — 
chrondro-sarcomefj osteosarcoma, myxosarcoma, &c.,iare 
thus produced. The following histological classification, 
based upon the three different forms of cells already 
described,^! a the one generally adopted. It must, how- 
ever, be borne in mind, that all the varieties of cells may 
be found in the same tumour, although the majority 
are usually of the same type; hence, the majority will 
determine the class to which the growth belongs. 


S1>I^ I) LE-CK LLi:n SAUCOM A. 

These tumours, which include the growths described 
by Paget in this country as “ fibro-plastic,” and “recur- 
rent fibroid,” arc the most common of all the sarcomata. 
They consist mainly of s])indle-shaped and fusiform cells 
lying nearly in close contact, with a little homogeneousl 
or slightly fibrillatcd intercellular substance. The cells, ( 
which contain well marked oval nuclei, with one or more 1 
nucleoli, are parallel to one another, and are arranged in 
bundles which pass in all directions through the growth, 
often giving to it a somewhat fibrous appearance. In 
those portions of the section in which the bundles of 
spindle-elements have been cut 
transversely, they present the ap- 
pearance of round cells. The cells 
vary considerably in size in different 
tumours, hence the division into 
small and large spindle-celled 
growths. 

Small Spindleselled Sarcoma , — 
In these the cellular elements are 


Fio. 44. 



Small SpmUeseUed Snr- 
romj . — From a tumour 
of tbc Jeg. X 200. 


small, often not more than y^eoth 


inch in length, and the intercellular 
substance is occasionally imperfectly fibrillated. (Fig. 44.) 
These growths approach therefore the confines of the 
fibromata, and histologically they must be regarded as 
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occapying an intermediate pla(fc between embryonic and 
fully-developed connective tissue. They grow from the 
periosteum, the fascim, and from connective tissue in 
other parts. They are usually tolembly firm in con- 
sistence, of a whitish or pinkish-white colour, and f(jr 
the most part present, on section, a translucent somewhat 
tibrillated appearance. They are often eijcaps*iled, much 
more frequently so than the other varieties of sarcoma, 
but they are very liable to infiltrate the surrounding 
structures, and to recur locally after removal. 

Large. Spindle-celled Sarcoma . — The cellular elements 
ill these tumours are much larger than in the preceding. 


Fig. '1.5. 



Large Spindle-crlfnl Sarcoma. To fho — the coils 
huve boon sr^p.ivntofl by toasing, so tliat their individual 
forms live npparoiit : to the — tlioy are in their 

mitural state of apposition, such as would bo seen in a 
thin section of the tumour, (Virchow.) 

The cells are plumper, and the nuclei and nucleoli arc 
especially prominent, and frequently multiple. (Fig. 4.5.) 
The intercellular substance is more scanty, and there is a 
complete absence of any fibrillation. These growths are 
much softer in consistence than the small-celled variety. 
They are of a pinkish-white colour, and are often stained 
by extravasations of blood, and sometimes in parts are 
almost diffluent from extensive fatty degeneration. They 
grow rapidly, and are usually exceedingly malignant. 
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i Melanotic Saucoma.— irius is a variety of sarcoma in 
Ythich many of the cells contain granules of dark-coloured 
pigment. By far the greater number of melanotic tumours 
are sarcomata, and most of the growths which were for- 
merly described as “ melanotic cancers,” belong in reality 
to this class of new formations. Not only are these 
melanotic Immoprs most frequently sarcomata, but the 
majority of them consist mainly of spindle-shaped cells — 
hence they arc described in the present section. 

The melanotic sarcomata originate principally in two 
situations — in the choroid coat of the eye, and in the 
superficial integuments. In both of these situations 
pigment is a normal constituent of the tissues, and this 
tendency of structures normally containing pigment to 
originate melanotic growths, is exceedingly characteristic. 
(See ‘‘Pigmentary Degeneration.”) These tumours 
usually consist of spindle-shaped cells, although in some 
cases the prevailing typo of their elements is round or 
oval. (Fig. 46.) The pigment, which gives to them their 
di.stinctive charjicters, consists of granules of a brownish 
or dark sepia colour, which are distributed within the 
cells. (Fig. 4-6, c.) Frequently, only a very small pro- 
portion of the cells are pigmented, whilst in other tum6urs 
the pigmentation is much more universal; in all cases, 
however, a large number of the elements will be found to 
be quite free from pigment. 

These melanotic tumours are amongst the most malig- 
nant of the sarcomatous growths. Although they have 
comparatively but little tendency to extend locally, they 
are disseminated by means of the blood-vessels, and occa- 
sionally also by the lymphatics, and thus reproduce them- 
selves often very rapidly in distant tissues. In doing 
so, although they almost invariably maintain their mela- 
notic characters, the degree of the pigmentation of the 
secondary tumours varies considerably. Whilst zdany of 
them may be perfectly black in colour, others maj’ be 
much paler, and perhaps only partially streaked with 
pigment. The secondary growths are soft, usually dis- 




A Melanotic Sarcoma of the Penis. 

A. — A thin section, showinf^: the general arrangtnncnt of 

the elements, x 2U0. 

B. — A section from tho peripheral part of tho growth, 

showing tho “indifferent cells,” amongst which 
lire small isolated pigmented elements. At a, a 
blood-vessel is seen, x 200. 

C. — Some of the elements separated by In these 

the pigment-granules are well seen. 100. 


1 have observed, that when occurring in internal organs, 
the pigmentation is not always limited to the secondary 
nodules, but that many of the cells proper to the organ 
itself are filled with granules of similar pigment, whicb is 
most abundant in those cells which are immediately 
adjacent to tho new growth. This pigmentation of the 
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cells of the organ often extends for some distance beyond 
the contines of the tumour. 

Osteoid Saecoma. — 'rhis, which is often known as 
“osteoid cancer,*’^ is a variety of savcoma (usually of 
spindle-celled sarcoma) in which the, growth is cither 
more or less calcified, or has partially become converted 
into true bone; As a primary growth it is met with 
almost exclusively in connection with bone, growing 
either from the periosteum or the medulla. The osteoid 
characters are usually reproduced in the secondary 
tumours occurring in the lungs and in other parts. 

Simple calcification is much more common than time 
ossification. Here the growth merely becomes infiltrated 
with calcareous salts, which may be dissolved out with 
a little dilute hydrochloric acid, when the characteristic 





sarcomatous structure becomes revealed^ In other cases 
this calcification is associated with the conversion of por- 
tions of the tumour into true, although usually imperfect, 
bone. When this has occurred, there will *he seen 
amongst the spindle-shaped, round, or myeloid elements, 
tracts of tissue consisting of broad bands of granular 
intercellular material, infiltrated with calcareous salts, 
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enclosing spaces which contain spindle, oval, or round cells. * 
(Fig. 47.) This structure often much resembles carti- 
lage. In other parts of the growth, where the change is 
mpre advanced, i*ay be seen lacunse and even canaliculi 
such as are found^in true bone. 

In these osteoid growths it is most important to recog- 
nise the existence of the sarcomatous element, inasmuch 
as it is the presence or absence of this which determines 
the innocent or malignant nature of the growth. Osteoid 
sar(!oma must be carefully distinguished from the simple 
osseous tumour. 


HOUND-CELLED SARCOMA. 

This is’ of softer consistence Fio. 48. 


than the spindle-celled growths, 
and from its frequent resemblance 
in physical characters to cnce- 
phaloid, it is sometimes known as 
“ medullary,” “ cncephaloid,” or 
“ soft ” sarcoma. Histologically, 
it is elementary embryonic tissue, 
consisting mainly of the round 
cells already described, embedded 
in a scanty and usually soft. 






liaund'ClUed Stircorim . — 
A thin section of a small 
round-colled sarcoma of the 
liver. X 200. 


homogeneous, or finely granular intercellular substance. 
(Fig. 48.) The colls usually resemble thqse met with in 


the most elementary embryonic tissue; less frequently, 
they are larger, and contain large round or oval nuclei, 
with bright nucleoli. There is an almost complete absence 
of fusiform cells, and of the partial fibrillation which is so 


frequent in the more highly developed spindle-celled 


variety. 

The round-celled sarcomata are of a uniform, soft, 


brain-like consistence, somewhat translucent or opaque, 
and of a greyish or reddish-white colour. On scraping 
the cut surface, they yield a juice which is rich in cells. 


They are exceedingly vascular, the vessels often being 
dilated and varicose, and, from their liabilty to rupture, 
they frequently give rise to ecchymoses and to the forma- 
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•lion of sangtfineoiis cyste.' (See ‘‘Blood Cysts.”) They 
glow from the cutis, the subcutaneous cellular tissue, the 
periosteum, the fasciiv., and from the connective tissue of 
organs. They extdnd rapidly by peripheral growth, infil- 
trate the surrounding structures, reproduce themselves 
in internal organs, and often involve the lymphatic 
glands. i*rom < their clinical and physical characters, 
these tumours are very liable to be confounded with 
encephaloid cancer : — they are distinguished by the 
.absence of an alveolar stroma, and by the uniformity in 
the character of their cells. 

Glioma. — This is a variety of round-celled sarcoma 
growing from the neuroglia or connective tissue of nerve. 
It consists of very small round cells, embedded in an 
Fig. 49. 

& 





Sarcomatov^ Tumours from the Brain. — a. A glioma of cerebellum. 
This ropreHGnt.s the appHauanno ordinarily presont(‘(l by these 
growths, b. A comparatively i-arc form of sarconui, whicli consists 
of large nucleated cells enclosed within the meshes of a vascular 
network. The development of this tumour took place in the biuin 
subsequently to that of spindle-celhid growths — primarily in the 
thiglj, and secondarily in the lung, x 2U0. 

exceedingly scanty, homogeneous, granular, or slightly 
fibrillated intercellular substance. (Fig. 49, a.) , Some of 
the cells may possess fine prolongations which, by com- 
municating with one another, form a somewhat reticulated 
structure. These tumours occur in the grey and white 
substance of the brain, in the cranial nerves, and in the 
retina. In the retina they usually commence as a minute 
nodule, which may gradually increase until it projects as 


Fig. 5i>. 
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a large fnngating«tninour*fron| the orbit. They are not^ 
encapsuled, and although they may occasionally infiltrate 
the tissues in which they lie and cause secondary growtfis 
in their immediate vicinity, they ve^y rarely reproduce 
themselves in th# lymphatic glands or in internal organs, 
'rhey are liable tcksmall haemorrhages into their structure, 
and sometimes become more or less caseous. ^ 

Alveolah Saiicoma. — This is a rare* form of round- 
celled sarcoma, which was first described by Hillroth. 
The cells, which are large, sharply defined, round or 
oval in shape, and enclose prominent round nuclei, are 
separated from each other by a more or less marked 
fibrous stroma. Tn some parts this stroma forms small 
alveoli within which the cells 
arc grouped ; but careful ex- 
amination will always show 
that in most parts of the sec- 
tion the stroma really pene- 
trates between each individual 
cell. It is this last named 
character which serves to dis- 
tinguish these tumours from 
the cancers, with which, in 
many cases, they may easily 

i n 1 j nAi Aloeolar Sarcoma.- -r roin a 

he confounded. Ihe accom- tumour of the skin, x 2uo. 

pauying drawing, made from 

a preparation kindly lent to me by Mr. B. J. Godlee, 
shows well their microscopical characters. (Fig, 60.) 

Alveolar sarcomata are met with principally in the 
skin, bones, and muscles. Tn the skin, where they are 
often multiple, they lead to ulceration. They tend to 
recur locally, and also to reproduce themselves in in- 
ternal organs. 



MYELOIi) SARCOMA. 

■ This, which is the well-known myeloid tumour, is some- 
what allied to the spindle-celled growths. It possesses, 
however, certain histological peculiarities which probably 
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depend upon the characters ol the tiacue from which it 
grows. Myeloid tumours nearly always occur in con- 
ijcction with bone, and most frequently originate in the 
medullary cavity.^ They consist of the large, many- 
nucleated cells already described as “myeloid cells,’’ — 


Eig. T)!. 



Myeloid Sarcoinn, (Vircliow.) 


which resemble the cells of the medulla in a state of 
excessive nutritive activity— together with numerous fusi- 
form cells like those met with in the spin 41 e-celled 
varieties. There are also some smaller round and oval 
elements. The large myeloid cells, which giv# to these 
tumours their distinctive character, are usually much 
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more numerous in those ^row^hs which originate in the 
medullary cavity than in those which spring from the 
periosteum. These various forms of cells are nearly in 
close contact, there being very little^ intercellular sub- 
stance. (Fig. 51.) Tlie growths are sometimes very 
vascular, so much«so as to give rise to distinct pulsation. 
Tliey often contain cysts. 

Myeloid tumours almost always gro'^ in connection 
wii,h bone, the heads of the long bones being their 
favourite seat. They are also frequently met with 
fe])ringing from the periosteum of the upper and lower 
jaws, where they constitute one form of eimlis. When, 
originating within the medullary cavity, the compact 
tissue of the bone becomes expanded over them, and they 
thus often communicate on 'palpation the peculiar sensa- 
tion known to surgeons as “ egg-shell cracking.” These 
tumours are for the most part of lirmer consistence than 
the other varieties of sarcoma; many of them are firm and 
Heshy, although others are softer, more resembing size- 
gelatiu. IHiey are not pulpy and grumous like the soft 
sarcomata, neither do they j^resent the fasciculated 
ajipearanco of the spindle-celled varieties. Their cut 
surface has a uniform snccnlent appearance, often 
mottled with patches of red. They arc often eucapauled 
by the periosteal covering of the bone from which thej'^ 
grow. They are rare after middle life, and are the least 
malignant of all the sarcomata. 

JJLOOU-CYSTS. 

'humours are occasionally met with into which so much 
haemorrhage has taken place as to mask their real nature, 
'and to give to them the appearance of blood-cysts. The 
nature of these blood- cysts has only recently been un- 
jerstood. They are now known to be in the majority of 
sases soft, round, or spindle-celled sarcomata. They 
consist of broken down blood coagula, surrounded by an 
11 define^layer of soft sarcoma tissue. The microscope 
will also usually reveal sarcomatous elements amongst 
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the altered blood. Thes|' grow ths are* exceedingly malig- 
nant, and hence the recognition’ of their sarcomatous 
firigin is all important. 


CLINICAL CUAllACTEllS OP TIIE ^\llCOMATA. 

The saijpomata occur most frequently in early and ‘ 
middle life, anJ, next to the carcinomata, are the most 
malignant of the new formations. They are especially 
characterised by their great tendency to extend locally 
and to infiltrate the suriounding structures, so that they 
are exceedingly prone to recur in loco alter removal, 
'llnjy comparatively rarely infect the lymphatic glands, 
and ill this re.qiect present a marked contrast to the 
cancers. They arc also very liable to become generally 
disserninated, although ihis is not usual in the earlier 
stages of the disease. 'IHie secondary growths occur most 
frequently in the lungs. ^I’he dissemination is eli'ccted by 
means of the blood, and this is owing to the thinness of 
tlio walls of their blood-vessels and to the immediate con- 
tact of these with the cells of the growth — conditions 
most favonrable to the entrance of the cellular elements 
into the circulation. The dissemination of the sarcomata 
is, oil this account, sometimes more rapid than that of . 
the carcinomata. In the latter, extension in the early 
stage takes phuic principally by the lymphatics, and 
dissemination by the blood only occurs later in the disease. 
I'he secondary sarcomata usually resemble the primary 
one, but in exceptional cases the several varieties may 
replace one another. 

These malignant properties, as has been seen, arc 
possessed by the diflcrent varieties of sarcoma in very 
different degrees. As a rule, the softer and more 
vascular the tumour, and the less its tendency to form 
a fully developed tissue, the greater is its malignancy, 
'rhe soft, round-celled, and large spindle-celled varieties 
are thus usually much more malignant thau |be firmer; 
small spindle-celled growths. Their infiltrating powers 
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am much greater, ’they somctiiTies iiifcct the lymph utic 
glands, and they tend to reproduce themselves very 
rapidly in internal organs. Many of the small spmdlc- 
cclled tumours, after removal, never rtciir, whilst cithers 
re<;ur locally several times, nud ultimately reproduce 
tlieinselves in distant parts. As a rule, largeness of the 
spindle elements and the existence in m^ny .of them of 
more than one nucleus, is an evidence of speeiaf malig- 
na.ucy. The ])reyencc of a capsule limiting the growth 
must also be taken into account in judging of the degree 
of its malignancy. It must, however, bo borne in mind 
that HI a gr(jwtli distiiictly cncapsuled, thti sarcomatous 
ercuients may invade the adjacent structures. The 
myeloid growths are the least malignant; they may how- 
ever also, in exceptional cases, give rise to secondary 
grovths in internal organs. 



tillAPTEll XXIII. 

THK (^VRCIXOMATA. 

'PiiK Cjiri'inoniatti, ov Cancers, arc new formations con- 
sistiiij' of cells of an epithelial type, without any inter- 
I (^llular Hul)stniicc, j^roiipod togctlicr irrcfynlarly within^ 
the alveoli of a more or less dense fibroid stroma. 

n'hc term “ nrHrcr”has been so commonly applied inde- 
’ linitely to any ^n*owth possessing malignant properties,- 
that “c(rj/(Y*ro7os” and nialignimC' have come to be re- 
garded by many as synonymous terms. It is important, 
however, clearly to distinguish between them. A cancer 
is a growth possessing the above-named definite struc- 
ture; a nuilifinaut growth, on -the other hand, is ond 
which,, indejiendently of its structure, tends to reproduce 
itself in adjacent or distant tissues. (See “ Mah’gnancy.*’) 

“ Cancerous” 'is an anatomical term ; “ malignant” is a 
vUnlcol one. 

.. The Carcinomata include the four following varieties : — * 
Scirrhus, Kncepliah^d, Colloid, and Ejpithelioma. Of 
these, the iirst three possess the same geneml characters, 
•cdthough they present certain ^structural aiid clinical 
differences which serve to distinguish them. Epithelioma 
constitutes a more -dratinct variety. It will be well, in 
the first place to describe tho characters common to -the 
larger and -more importtunt group, and then those which 
are peculiar to its individual members. Epithelioma 
will be considered subsequently. 

SrRucTiJKE. — In structure, scirrhus, encephaloid, and 
colloid cancer so far resemble one another, that they*all 
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consist of cells of an epithelial typo, without any inter- ' 
cellular substance, grouped together • irregularly withiij 
the alveoli of a fibrous stroma. ‘(See Fig. 55.) Although* 

, there is no intercellular substance, -a certain amount uf 
liquid exists between the colls. It is this 'liquid which 
exudes from the Troshly-cut surface of the cancer, and 
tlio number of cells which it contains gwe tef it a milky 
appearance. 

The cells are characterized by their large size, by the 
diversity of their forms, and by the magnitude and pro- 
minence of their nuclei and nucleoli. (Fig. 52.) In size 


Fig. 52. 



Cells from a Sclrrhus of the Mamma, 350. 

‘ they vary from to of an inch in diameter; the 
majority being about five times as large as 0, reii blood- 
' corpuscle. They are round, oval, fusiform, caudate, poly- 
gonal-exhibiting, in short, every diversity of outline. 

■ These variations in form are principally owing to the 
mutual pressure to which in their growth they are sub- 
jected. The nuclei, which ai-e large and prominent, are 
round or oval in shape, and contain one or more bright 
nucleoli. . The nuclei are, perhaps, most frequently . 
single ; two, ho^vever, are frequently met with^ and in the 
softer and more rapidly growing cancers they may be 
more nuilierous. The cells rapidly undergo retrogressive 
changes, hence they usually contain molecular fat. They 
are many of them exceedingly destructible, so that some- 
times more free nuclei than cells are visible. Cells precisely 
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similar to.tliese arc met with in other morbid growths, 
•iind also in the normal tissues. Mlu're is thus no 'spedjic 
“ canccr-cell.” It is the general character of the cells, 
tog(ither with their mode of distribution in the 'meshes of^ 
a libroid stroma, that determines the nature of the growth 
to which they belong. The appearance presented by 
those cflls^groiipcd within the alveoli of the cancer some- 
times closely simuLates', in the earlier stages of growth, 
that of simple adenoma. (Sec hhg. 41.) Tn adenoma, 
however, the cells resemble the epithelium of the gland ; 
they arc smaller, and less irregular iu size and shape, 
Em i>X 



TIh‘ 'Alv(i)lar Strtnim /roit^ a Sririiuis of the 
Mminnn.—’IHhi' c(‘ll.s havo been ivmovud by. 
peudlliug. X 200. 

ami loss closely packed than those of carcinoma. In 
many cases, indeed, they form merely a single layer lining . 
the walls of the acini. 

I he iitroma varies considerably in amount, being much 
more abundant in some varieties of cancer than in others. 
It consists of a more or less* distinctly fibrillated tissue 
ai ranged so as to form alveoli of various 'forms and sizes, 
within whieh the cells ai*c grouped. (Figs. 53 apd 66.) 

ese alveoli communicate witlf one another, so as to form 
a continuous cavernous system, . The characters of the 
s vary with the rapidity of its growth: — if this is 
rajni it will contain some round and spindle-shaped 
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colls (see Fig. 57) ; if, on tio otl\cr hand, it is slow or has ^ 
altogether ceased, the tissue -will contain but few cells 
and will be denser and more fibrous in character. Th5 
latter is the condition iii which it is noKjst commonly met 
with. 

Within the strbuia are contained the hlood-veitscls. 
4’hoKc are often very numerous, and form a, close net’- 
.work. They are limited to the stroma, and only in very 
exceptional cases do they encroach upon ih'e alveoli.* 
This distribution of the blood-vessels is important, as 
disting itishing the carcinomata from the sarcomata. In 
the latter, tlic vessels are hot supported by a stroma, but 
ramify amongst tlio cells of the growth ; ,hcuce the 
facility witli which these tumours become generally dis- 
seminated. 

In addition to the blood-vessels, the carcinomata also 
possess lijiuphUks, These accompany the blood-vessels, 
and, as has been shown by MM. Cornil and Eanvier, 
communicate freely with the alveoli. This ex^dains the 
■groat tendency of cancer to infect the lymphatic glands. 

DEVKf/jpMKNT. — The qnestion of the genesis of , carci- 
noma involves that of tlio genesis of epithelium generally. 
It is maintained by many Histologists that epithelium 
can only originate from epithelium, and that the strata 
of cells set aside’ ip the embryo for the production of the 
epithelial ti.ssucs is tlie source from which iill epithelium 
is subsequently derived. Others admit that epithelium 
may also originate from poniiective tissue. (Sec “ Heve- 
lopmoiit of Tumours.”) A like difference of opinion 
exists as to the source of the epithelioid cells of cancer. 
By many — as Waldeycr, Thiersch, and Billroth — f,hey are 
regarded as originating only from pre-existing epithelium. 
Others — amongst whom are Virchow, Lucko, Eiudileisch, 
and Klebs — maintain that they may also ’ be derived 

♦ In soft. rapiAly growing cjincors the blood-vessels have occa- 
sionally been observed to project as tufts ipto the alveoli. See case 
reiM)rted by Mr. Marcus l?cck aud Mr. Arnott, Trans, Patk. Sue. 
Lond.^ 1874, p. 224. ' ■ 
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ftom cells, belonging to &ie connective tissue. It is also 
believed by some— as K-ostcr— that mf^ny cancers orij^inntcf 
from the endothelium of the lymphatics. 

■ The difficulty of* dejtermining 'the genesis of carcinoma 
is- partly owing to the fact that it usually originates in 
structures where epithelium is normally abundant, as in 
the mamn^, skjn, and alimentary canal ; and that this 
normal epithelium is always, from the earliest stage of 
the growtli, the seat of active proliferation. In cancer of 
the mamma, for example, the -first change often observable 
is an accnmulation of epithelium within the . ducts of 
the gland, a condition very similar to that already de- 
scribed as occurring in tho development of an ordin{\,ry 
glandular tumour. (See “ Adenoma.’*) Soon, however, the 
epithelium alters its characters. M’hc cells become larger 
and more irregular in sliapc, and their nuclei ar(^ more 
*])rominent. The cpitlielium is then found outside tlu' 
ducts, amongst tho inter- and peri-glandular connective 
tissue, which is also in a staioof aedivo proliferation, and 
is infiltrated with small round cells, T)ie outline of the 
duets .ultimately becomes completely annihilated, and the 
epithelioid cells are seen in alveoli formed of a fibroid 
tissue. The (picstioii arises as to whether the epithelioid 
cells, which constitute the ultimate cancerous growth-, 
originated from the epithelium normally existing within 
the duets of the gland, which in tho process of develo2> 
ihcnt has extended beyond the ducts in the surrounding 
tissue ; or, whether they originated from the proliferating 
elements of the connective tissue. Although this question 
cannot be regarded as finally settled, it is tolerably 
certain that primarily, at all events, carcinoma in all 
cases originates from epithelium ; and from the investiga- 
tions of Prof. Maior and Dr. Creighton, already alluded 
t*>, it is jDrohahle that the epithelial growth having 
atta.incd a certain degree o*f development becomes in- 
fective, anil exercises an influence Upon the proliferating 
cells- of tho connective tissue (influence of contact), which 
causes them gradually to assume an epithelial type. The 
f 
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doctrine of the primary efiitlicdal origin of carcinoma is 
iio,\v steadily gaining ground. The tendency, which is * 
exhibited by the cells of cancerous growths to maintain 
the type of the epithelial structures, in the vicinity oi’ 
which they grow is gre.atly in favour of it. In cancers 
situated nedr the cutaneous sujrfaces, for example, the 
celk are usually of the squamous type, whereas in those 
growing in connection with the glands of mucous mem- 
branes, t^iey more commonly resemble the epithelium of 
the gland. In adopting this doctrine of the origin of 
carcinoma it is obviously impossible to admit the oc- 
currence of primary growths in situations where no 
epithelium normally exists— as in bone and muscle ; and 
we now know that tumours in these tissues whioh were 
formerly described as' cancers, arc in reality sarcomata. . 

The stroma of carcinoma is partly the pre-existing con- 
nective tissue of the part in which the cancer originates, 
and partly a now formation, TTie new growth may pro- 
bably be regarded as the result of the irritation of the 
coiincctivo tissue by the infiltrating epithelial cells. Tht5 
alveoli are formed by the linear or more globular group- 
ing of the epithelium amongst the meshes of tho stroma. 

Tift carcinomata in their growth n(3ver become cncap- 
snled, but gra-dually infiltrate the surrounding structures.' 
This process of infiltraHon is yery characteristic, and is 
more marked in cancer than in any of the malignant 
growths. A zone of small-colled infiltration is seen for 
some distance around the confines of the tumour, so that, 
there is no line of demarcation between it and .the normal 
structures. (See Fig. 54.) 

SECONDAiir Changes. — T he most important of these is 
fatty degeneration. ITiis always oconrs t6 a greater or 
less extent in all tho varieties of carcinoma. The more 
rapid the growth, the earlier does this retrogressive 
change .take place, and the greater is its extent; hencS it 
is usually most marked in encephaloid.-. It produces 
softening of . the^ growth, which is often reduced to a 
pulpy cream-like ’consistence. Pigmentation, ipucoid and 
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colloid degeneration ingty occur.' Calcification is 

"vary rarely met with. 

* VAiUETJES.—The term “cancer” was so vagu^^ly applied 
by the older pathologists — nearly all malignant forma- 
tions being included under this head 'that considerable 
confusion has resulted in the classification of cancerous 
growths. J*<^culiarities in situation, striictlire, and ap-- 
pcarancc, have givcji rise to special names, hence the 
terms — “ ofilroid" “ chumiroid,'* “ qys/h',” “ viUons,^' and 
“ lifnmnfonV" cancer. A ciincor containing large (piantities 
of pigment was d escribed as a distinct variety, midor the 
name of mvhiuofic cancer. Melanotic cancer, however, 
is coinjiaratively rare. ‘ 'fhe majority of Uiniours which 
are thus dcsignalc'd are in reality sarcomata. (Hee “ M(?- 
■iandtic Sarcoma.’*) 

’ The most convenitmt classification, and that which is 
now generally adopted, divides the carcinomata into four 
groups: — Jihmuti, or chro))ic cancer; iHivvydw- 
loid^ 'iuvdullanj, or avnte cancer; colloltl ov (jfhdinifin'ju 
' cancer; and* ep/7//(’7/oZ cancer, or eidlhclloma, including 
adenoid cancer. ^I'his division is based principally upon 
the relative proportion of the stroma, and upon the type 
' of the epithelial olomeiits. 

SCIUHJIUS CANCKR. 

Srirrhasy Jlhronsj or chronic cancer is characterised by 
the large amount of its stroma and by the chronicity of 
its growth. The slowness in the development of scirrhus 
in'obahly accounts -in great measure for the peculiarities 
in its sti’uctiive and physical characters. 

The epithelial growth, although at fifst it may be 
luxuriant, quickly subsides. The elements soon atrophy 
and undergo retrogressive changes. They are most 
abnudaut in the external portions of the turnout, wherp 
growth is taking place ; in the central portions they may 
he almost entirely- wanting, '.fhe .accompanying figures 
(Figs, o 1 ’and Oo) show the appearances presented by 
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scirrhus of the mamma in tlip earlier stages of its 
development. 

The degeneration of the epithelial elements is probably 


Pig. 54. 



• SciiThm of the Mamma . — A thin section from the 
most (‘xicnifil (lonion of Ifio tuiin)nr, sliowiui' the 
sin.all-ci‘lh'(l iMlilti'etioii (‘‘iiulifftMont tissui'”) of the 
miisciilsw libn-H ;ujd adiiuise, tissue in the ueiglilxmv- 
hood of the gland, x 200, 


o^wng to the excessive growth of the stroma, and to the 
snbscquciib induration and contraction which it under 
goesi It quickly assumes the characters of cicatricial 


Fig. 55. 



Seirrhuit of the Mamma . — A pprtion of the tumoui: 
somcArlint internal to that represemUid in Fig. 54, 

. showing the eliuractonstic alvcolor stnictuve of .the 
cancer, ’’x 200. 

tissue, atid becomes hard and indurated. This causes 
obstruction and obliteration of the blood -vessels which it 
c.ontafihs, and it is probably to this interference with the 
vascular supply that the arrest in the development of the 
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e cancer i»s owin". The whole of the central portions ot 
the growth may thus ultimately consist simply of dense 
fibroid tissue, amongst which are contained atrophied 
•epithelial cells '.and fatty debris (Fig. 56), the periphery 
being the only part where the epithelial structure is 
visiblT 3 . The amount of atrophy and 8outraction varies 
considerably in ^dilforcnt cases. 

'Phe physical chararders of scirrlnis are in the same 
•'way due to the abundance of its stroma. The growth is 
Hrm and hard, and it is usually depressed in the centre, 
owing to the contraction of the fibroid tissue ; this is very 
characieristio of scirrhus of the breast, where it causes 


Fig. 5G. 



a 6 


Si'M'lim , 0 /' the Mamma . — A sortion from tlio niuro 
|)orti(»ii.s of tho tiiniour, showirig flu* atrophy of 
^ tho opithcliMl (vils, till* fiiniiinUion in tlio size of ilio 
'alvooli, the fibroid jiiKi tlio fatty ddbris. «, 

oarJifr stago ; 6, more advanced, x 200. 

• * 

puckering of the superjacent structures. On section^ the 
tumour presents a greyish- white glistening surfacQ, some- 
times intersected with fibrous bands. /The more external 
are less firm than the central portions of the growth,' and 
yield, on scraping, a juice which is rich in nucleated cells, 
free nuclei, and granules. . . 

• Scirrhus is most commonly met with in the female 
breast, jj,nd in' the alimentary canal — especially in the 
(esophagus, pylorus, and rectum. It also occasionally 
(wcurs in the skin. The secondary growths to ‘which it 
gives rise are often encephaloid. 
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]iNCliPIIALblD CANCEll. . 

Eiiccphaloid, medullary, or> acute cancer, is very closely 
allied to the preceding, from which it differ^ merely in 
thTj greater rapidity of its growth, and the ccJnseqnent 
sin all amount of^its stroma, and the softness of its con- 
sistence. Enccphaloid and scirrhns cannot be regarded 
as in any way constituting distinct varieties of carcinoma. 
There are all intermediate stages between them, and the 
differences in the rApidity of their growth, and conse- 
quently in their structure and physical characters, con- 
stitute their only distinctive features. 

Fig. 57. 



^EncepMAd Oniver, — From a scoondavy cancer of 
the liver, showing Iho hii;go size of the alveoli and 
the thiriness of their walls. In tlio latter, small cellrf 
are visibh.*. The liwge epithelial cells are commencing 
, to undergo fatty metamorphosis, x 2(J0. 

• 

The epithelial growth in encephaloid is rapid and 
abundant, and the cells, for' the most part larger than in 
scirrhns, quickly undergo fatty degeneration, so that 
often more free nuclei than colls are visible. -The pro- 
portion of stroma is very small, and owing to the rapidity 
of its growth, it is much less fibrous' than that of soirrhus, 
and does not ‘undergo a ^milar cicatricial contraction. 
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i(Fig. 57.)- The blood- vesijela are often very abundant, 
and the tissue supporting them being soft 'and -non-- 
resistant, hemorrhage occasionally takes place. 

Encephaloid canber is of a soft brain-like consistence, 
the central portions, where fatty degeneration is most 
advanced, often being completely diffluent. The tumour 
is sometiuies lyoic or less lobulated. On section, it 
presents a white pulpy nias*s, much resembling brain- 
substance, which is often irregularly stained with extra- 
vasated blood. 

Enceidialoid is much less common than scirrhns cancer. 
It ’is most frequently met with in internal organs a's a 
sdcondary growth. It also sometimes occurs primarily 
in the testis and mamma. ^1 any gvo^vths formerly de- 
scribed as encephaloid cancer, are soft sarcomata. (See 
“ Kound-cclled Sarcoma.”) 

COLLOID CANCEK. 

The growths described under the name of colloid, 
alveolar, or gehifhifonn cancer, although sometimes re- 
garded as constituting a distinct variety of cancer, are 
simply one of the preceding forms which have undergorfc 
a mucoid or colloid change. The frequency with which 
n(»u-cauccrous growths which have undergone, these 
forms of degeneration have been cou founded with colloid 
cancer, has already been alluded to. (See “ Colloid De- 
generation.”)' 

The alveolar structure in cplloid cancers is very marked. 
The alveoli have very thin walla ; they are large, distinct, 
' and more or less spherical in shape. This largo sizi) and 
distinctness of the alveoli is owing to their distension 
with the softened substance. Within them is contained 
the gelatinous colloid nuiterial, which is a glistening, 
> translucent, colourless, or yellowish substance, of tie con- 
sistence of thin mucilage or size-gelatin. In the main it 
is perfc;ctly structureless ; within it, however, are embedded 
a varying number of epithelial cells, which also contain 
tljp. same gelatinous substance. (Fig. hS.) U^bese cells 
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present a peculiar appearance: — they are large and* 
spherical in shape, and are distended- AVith drops of the 
same gelatinous material as that in which* they arc 
bedded. ^ (See Fig. 58.) Many of them display a 
lamellar surface, ^their boundary being marked by con- 


Fia. 58,. 



Colloid Crt»Jcrr.— Showing the l;irgo alveoli, within wliieli is con- 
tainod the gelatinous colloid material, x 30(1. (Riudfloisch.)’ 


centric lines. It would appear that the colloid change 
commences in the cells, which become gradually de- 
stroyed in the process. In other cases the cells, with the* 
exception of slight fatty metamorphosis, are but little* 
affected, and the substance distending the alveoli is more 
viscid and mucoid in character. This is due to a ymicoid 
degeneration of the intercellular substance, rather than 
to a coHoid change commencing in the cells. (See 
“ Mucoid Degeneration/’) 

Colloid cancer is most frequently met with, in the ’ 
stomach, in the intestine, in the omentum, and in the 
peritoneum. 
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KPITIIELIOMA. 

Epithelioma^ 6r epithelial cancer, must' be regarded as 
constituting a much more distinct variety of carcinoma 
than, either of the ‘preceding, although transitional forms 
between it and scirrhus are occasionally met with. It 
differs fronl the other varieties of cancer in- always 
growing in coiviection with a cutaneous or mucous sur- 
face—tho junction o*f the two being its usual seat — and 
in its epithelial elements closely resembling the squamous 
variety of epithelium. 

Fiq. 5i). 



( 'dUJrom an KpithcUonia of' the Lip. x 250. 

The cells of epithelioma are in the main indistinguish- 
able from those met with on the cutaneous surfaces, and 
on the mucous membrane of the mouth. They vary in 
ske from to yj/ooth of an inch in diameter, ‘the average i 

■ being yJoth. They contain usually a single nucleus ; ‘fre- 
'quently, however, the^ nuclei arO multiple. (Fig. 59.) 
They are often considerably flattened and distorted in 
shape, owing to the pressure to which in their growth 
tue’ Qy are subjected, but they never present those nume- 
transluceivieties in outline whioh are met with in the other 
sistence of of carcinoma, neither do they exhibit the same 
is perfectly studency to undergo 'fatty degeneration. The 
a varying num of these cells is peculiar: — some of them 
1^. same gelati'-u irregular tubular* shaped lobules which 
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communicate with each other ; others are less regularly* 
grouped in masses <Jf various sizes amongst thp meshes 
of a stroma. As the cells increase in number they tend 
to become arranged concentrically in groups so as to form 
globular masses. These masses are .the concent riv 
globes,"' or “ epitiielial nests,” whicluare so commonly met 
with wherever squamous epithelium is lyidergoing rapid 
growth, and which, although not distinctive, arc ex-' 
ceedingly charactcrfstic ©f epithelioma. As the epithelium 


Fio. 60 . 



Eplthelkma of the: Lip . — Showing tho concentric globes 
of opitheliaLoells, ^ x 100. 


multiplies, the peripheral layers of cells become flattened 
by pressure, against the surrounding structures, whilst 
those in the centre remain more or less spherical in shape 
like those of the deeper layers of the epidermis. (Fig. 60 .) 

•The cells may be so closely packed aS ultimately to 
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(become bard and dry like those of the nails ajnd hair, and 
the globes are then of a brownish -yellow colour and of a 
Tirm consistence. These globes are often large' enough 



Epithelioma of the Tongue.’^A thin vertical section, show- 
ing the excessive epithelial, growth- upon the surface of the 
papillffi, and tlie extension of the epithelial elements into the 
subjacent connective tissue. The sub-epithelial tissue is iuhl- 
trated with small (“ indifferent”) cells, amongst which am seen 
the epithelial elements both single and forming concentric 
|;lobes. x 100. 



EPITI,ELI«MA. 


193 


to be readily visible to tb© naked eye, and owing to the 
arrangement of the epidermic scales, they usually present 
a fibrous appearance. • ' 

The stroma presents eyery variation between rapidly 
grftwing embryonic, and an incompletely fibrillated tissue. 
It may be tolerably abundant, or almost entirely wanting. 
It rarely forms such a marked alveolar structure' as that 
which characterises the other varipties of carcinoma, but 
usually consists simply of a small- celled infiltration sur- 
rounding the epithelial elements, which may ultimately 
become developed into a more or less comJ>Ietely fibril* 
luted tissue. (Fig. *61.) 

With regard to the development of epithelioma — this 
is much more frequently determined by some external' 
source of irritation than is that of tlie other varieties of 
carcinoma. The epithelial elements are undoubtedly 
derived from the epithelium of the skin or mucous mem- 
branes, or from tliat of the glands which are situated in 
these tissues. The growth commences by a proliferation 
of this epithelium, which, as it increases, becomes hetero- 
logous, extending.beyoiid the normal limits into the sub- 
jacent connective tissue, and even iuto muscle, hone, and 
other structures (Fig. (51) ; and it is this heterologous 
development, of epithelium which is the essential'charac- 
teristic of epithelioma. The extension of the einthelium 
into the subjacent connective tissue produces in the latter 
an irritative growth, and thus the groups of epithelial ele- 
ments are always Surrounded by ‘a small-celled (“ indif- 
,ferent”) tissue, the small-celled growth preceding the 
;epithelial invasion. (Fig. ’61.) 

Epithelioma usually presents itself in the first place 
©ither as a small foul ulcer with indurated edges, or as a 
’subcutaneous induration or nodule which subsequently 
ulcerates. The surface of the ulcer is frequently papil- 
lated and.yillous, owing to the irregular growth of the 
corium. The tumour itself is* firm in consistence, often 
more or less- friable, and on section presents a greyish - 
white granular surface, sometimes intersected with lines 
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of fibrous tissue. The cut-surface yields on pressure a 
small quantity of turbid liquid, and in mdiny cases also 

peculiar, thick, crumbling, curdy,- material, can be ex- 
pressed, wlych often comes out in a worm-like shape, like 
the sebaceous matter from the glands of the skin, l^iis 
latter is very characteristic. It is condposed of epithelial 
scales, an(J on being mixed with water it does not diffuse 
itself like the juice of other cancers, but separates into 
minute visible particles. If it is very abundant, the 
cancer is soft and friable, and the material can be seen in 
the cut-surtace as small scattered opaque dots. 

Epithelioma has its primary seat in the immediate 
vicinity of ibe cutaneous or raucous surfaces, the point of 
j unction of the two being its favourite habitat. It appears 
in' most cases, as already stated, to owe its origin to some 
external source of irritation. It is rare in the young, and 
is most friiqucntly mot with in the lower lip at the 
junction of the skin and mucous membrane, on the 
tongue, prepuce, scrotum (“chimney-sweep’s cancer”) 
labia, eyelids, cheeks, and in the uterus and bladdet. As 
it extends it may involve any tissue — muscle, bone, and 
tendon may be .alike implicated. It usually infects the 
lymphatic glands, but very rarely ciccurs iu internal 
organs. 

Cylindrical Epithelioma or AdonoUi Cancer.— These 
. terms are applied to those forms of epithelial cancer 
which grow from mucous membranes with columnar 
.(cylindrical) epithelium, as from those of the stomach and 
intestines. In these tumours the epithelial elements are 
similar to those of the mucous membrane from which 
they grow. They j^re cylindrical in shape, and are 
arranged perpendicularly to the walls ^of the alveoli in a 
fanner precisely analogous to that of the columnar 
^Ithelium oh the mucous surface. (Fig. 62.) There is 
rar<\jy ^ formation of concentric globes, and the growths 
often gelatinous consistence. These 
tumemr^ cause, secondary growths in the lymphatic 
glands, sometimes in the liver, lungs, arid bonea, 
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which possess the same characters as the primary cancer. 
The distinction between them and simple adenoma^i is ' 
Fio. 62. 



Cylindrical EpUhcUonia , — From the Colon. 
X 200, reduccti' 


often exceedingly difficult. (Sep “ Adenoma of Mucous 
Membranes.”) 


CJiiInicil Cuakacters of the Carcinomata. — In speak- 
ing of the clinical characters of the cancers, it is important 
in the first place' to make a distinction between epithe- 
lioma and the other varieties.’ Epithelioma, as far as it§ 
malignancy is concerned, occupies a very inferior position 
to scirrhns, encephaloid, and colloid. These latter 
vt^rieties of caremoma possess in the highest degree 
malignant properties. They extend locally, invading in- 
discriminately the tissues. amongst which they grow, and 
repvoduce themselves in the lymphatic glands and in 
internal organs. .In the (process of dissemination* how- 
ever, they present some peculiarities which distinguish 
them from growths yhich are sometimes equally malig- 
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imnt — viz., the sarcomata. The carcinomata are charac- 
terised by their great tendency to reproduce themselves 
•in the neighbonriug lymphatic glands. • This implication 
of the lymphatics is usually much more marked than in 
the sarcomatai in wliich it but comparatively rately ocedrs, 
and this is probably owing to the contra unication of tbo 
lymphatic vessels with the aveolar spaces of the cancerous 
growth. I'hc general dissemination in internal organs, 
on the other hand, is often affected much less readily in 
carcinoma than in sarcoma, and the course of the 
former is tliereforo sometimes more protractfed than that 
of the latter. This difference is explained by the differ- 
ence in the distribution of the blood-vessels : — in carci- 
noma, these are contained in the stroma, and very rarely 
come into contact with the cells of the growth ; whereas 
in the sarcomata, they ramify amongst the cells, and 
their walls being compos(*d of thin embryonic tissue like 
that of the growth which they supply, dissemination 
through the medium of the blood is rapidly and readily 
effected. In carcinoma, the lymph being. so important a 
medium of infection, the reproduction of the’ growths in 
•internal organs may be, considerably delayed: the pro- 
gress of the disease becomes arrested by the lyhiphatic 
glands, and its furth(!r dissemination is often only effected 
after those have become very generally and extensively 
involved. . . • 

With regard to the difference in the clinical characters 
of those three varieties of carcinoma--the dissemination 
of encepbaloid takes place much more rapidly than that 
of geirrhus, owing to the greater rapidity of its growth, 
its greater vascularity, and the greater activity of its 
epithelial' elements. Colloid is somewhat inferior in the 
degree, of its malignancy to both Scirrhus and encepha- 
loid. * 

Epithelioma is of all the cancers much the least malig- 
nant.* It extends locally, aud^ may infect the neighbour- 
ing lymphatic^, but it comparatively rarely rieproduces 
itself in internal organs. This is probably owing to the 
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size and character of its epithelial elements, which render 
them much less liable to be transmitted by the blood and 
lymph-streams than are the cells of the#other varieties of 
caitcer. 

In all the varieties of carcinoma there is a tendency^for 
the secondary growths to repeat the characters of the 
primary, one. This is most marked in eptthelioma. In 
scirrhus, the secondary growths in internal organs, al- 
though sometimes resemWing the primary tumour, are 
often more rapidly developed, are softer and more vascular, 
and in accordance with the distinction which has been 
made between scirrhus and encephaloid, they must bo 
regarded as belonging to the latter variety of cancer. 



CHAPTER XXIV. 


CYSTS. 


In addition to the new growths already . described, there 
is a large. class of formations, many of which cannot be 
regarded as “ tumours ” in the strict application of this 
term. These arc the cysts or cystic tumours, 

A cyst is a cavity containing liquid or pultaceous 
material, which is sej^arated from the surrounding struc- 
tures by a *more or less distinct capsule. It may be a 
new formation, or a pre-existing structure which has 
become distended by its own secretion, or by extrava- 
sation into it. The former, only, comes within the 
category of new growths, although, for the sake -of con- 
venience, it will be advisable to consider them both under 
one head. 

•There are thus two principal modes by which cysts 
originate — one, the most frequent, by the gradual aqcu- 
fuulation of substances within the cavities of pre-existing 
structures, which are, for the most part, products of their 
own formation, being in somO cases a secretion, and in 
others a cell-growth ; the other, by the independent for- 
mation of a cyst in the tissues. 

The accumulation of secretions and of other products 
within pre-existing cavities, may bo effeoted in the three 
following ways : — 

1st. By the retention of the normal secretion bwing to 
the closure of the excretory ducts*— as so often occurs in 
sebaceous glands. 

«2nd. By excessive secretion, the cavity \>eing unpro- 
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vided with an excretory duct — as in the formation of 
bursio. 

3rd. By the extravasation of blood into the cavity — as^ 
in hasmatocele. 

The indepeiide'^t formation of a cyst may take place — 

1st. By the softening and liquefaction of the tissues in 
some particular part, owing to mucoid or^ fatjjy changes. 
The tissues around the softened matters become con- 
densed, and ultimately form a kind of cyst-wall. 

2nd. By the enlargement and fusion of the spaces in 
connective tissue, and the accumnlation of fluids within 
them.* The surrounding tissue becomes condensed, and 
‘ forms a cyst- wall ; and this may, in some cases, become 
lined with -secreting cells. 

3rd. By the formation of a cyst-wall around foreign 
bodies, parasites, or extravasated blood. 

Stliuctuke. — The wall of the cyst will vary in its 
nature according as it is a pre-existing or a newly-formed 
tissue. In the former case, it will possess an epithelial 
, lining which will present the sa^ne characters as that of 
the gland, serous membrane, or other structure, from^ 
which the cyst originated. If the cyst is a new growth, . 
it ra/ely possesses an epithelial lining, but consists simply 
of a fibrous capsule. The. cyst- wall is sometimes firmly 
connected with the adjacent parts, so that it can only 
with difficulty be separated ; in other cases, the union is 
• much less intimate. Instead of being a distinct struc- 
ture, it may be simply the surrounding tissue which has 
become dense and fibrous in character. 

The contents of cysts are very various, and may serve 
.as a basis for their classification. In the retention-cysts,- 
they will vary with the nature of the normal secretion- 
serum, sebaceous matter, saliva, milk, seminal fluid, and 
other substances are tlius found in these cysts, more or * 
less altered in character from being retained in a closed 
cavity. In the exudation-cysts, serum is the most fre- 
quent constituent; and in extravasation-cysts, blood.- In 
those cysts which originate from the softening and break- 
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^ng down of tissue, the contents are the 'products of 
retrogressive tissue-metamorphosis, and usually consist 
Targely of mucin, fatty matters, and scrum. 

Secondary Changes. — These may take place iji the wa.l 
of the cyst, or in its contents. The cyst-wall itself may 
become the* seat of now growths, and produce secondary 
cysts, villous, glandular, and other structures : this 
occurs in many compound ovarian cysts. It may also 
be the seat of an intiammatoiy process, which terminates 
ii\ suppuration and granulation, and by this means the 
cyst frequently becomes obliterated, its contents being 
cither absorbed or discharged externally, and the cavity 
closing by grannhitioii. Calcilication and ossification .of 
the wall may also occur. The contents of cysts undergo 
various changes, owing to their retention in a closed 
cavity. -The secretions become altered in character, 
thickened and viscid, l^^pithclial elements undergo fatty 
changes, and so give rise to cholestevin crystals. Calci- 
fication -of the contents is also common. 

Cysts may be shnph or, covipt hi ml. A simple cyst 
consists of a single loculus. A compound or multilocular* 
cyst is one consisting of numerous loculi, which either 
communicate jvith one another, or remain isolated. An- 
other variety of compound cyst, consists of a cyst with 
endogenous growths, the larger cyst having others grow- 
ing from its walls, ^ A compound cyst may become a 
simide one by the destruction of its walls. 

Cysts are frequently associated with other growths, 
hence the terms — “ cystic-sarcoma,” “ c3'stic;canjcer,” <&c. 
It is especially in those growths which originate in glan- 
dular structures, as in the mapima, testicle, and ovary, 
that this combination is met with. The cystic develop- 
ment may almost entirely obliterate the structure of the 
tumour in which it takes place, so that ultimately the 
• latter becomes converted into a combination of cysts. 
In other cases large portions of the tumour grow into 
the cystic cavities. Considerable difficulty is thus not 
unfrequently caused in determining the nature of the 
original growth. 
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OHSSWICA.TION. — Cysts may be most conveniently clas-* 
s'lfied according to their mode of origin, thus : — 

CLASSIFICATION OF CYSTS. 

I. Ctjs*8 formed hif the acenm^dation of suhdances 
within the cavities of prc-existinff sfrHctarcs, 

A. Retention O^ars. — Cyats resulting from the 

retention of normal secretions. These in-* 
elude — 

a. Sebaceous Those are formed by the re- 

tention of secretions in the sobcioeous glands* 
Such are comedones and atheromatous 
tumours. 

/3. Mucous Cijsts. --These are formed by the reten- 
tion of secretions in the glands of mucous 
inembraues. ^ 

X. (7//s7.s fcifni the retention of seen tions in other 
ptnis, including — Raniila, from occHusion 
of the salivary ducts ; Encysted Hydrocele, 
from occlusion ol* the tiibli tt*stis ; cysts in 
the mammary gland, from obstruction of the 
lacteal ducts; simple and some compound 
cysts of the ovary, from dilatation of the 
Graafiau follicles; and simple cysts of the 
liver and kidneys. 

B. Enudatiun C^sts. -(Jysts resulting from excosr 

aive ‘secretion in cavities unprovided with an 
excretory duct. Tlieso include Bursir, Ganglia, 
Hydrocele, and many cysts in the broad liga- 
ment. 

C. Extiiavasation Cysts. — Cysts resulting fr6m 

extravasation into closed cavities. These in- 
clude Hromatocelo, and some other forms of 
’ sanguineous cysts. 

IT. Cysts of independent origin, 

A. Cysts twom Softening op Tissues.— These are 
. especially common in new formations, as in 
en chondroma, lipoma, sarcoma, <&c. * 
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B. .Cysts from Expansion and Fusion of Spaces 

IN Connective Tissue. — ^These i^^clude — 
a. BursoB, originating from irritation and exuda- 
tion into the tissues. 

j8. Saroi^s, cysts in tlie nprA;- (often/jongenital). 

X. Many compound ovarian cysts* 

C. Ci«Ts FORMED AROUND* Foreign Bodies, Extra- 

vasatki) Blood, and Parasites. 

D. Congenital Cysts. — These include many Der- 

moid c^’^sts. These appear often to be the 
remains of blighted ova. They contain fatty 
matters, liair, teeth, bones, &c. 


* See Dr. 'Wilson Fox, on Cystic Tumours of tho Ovary: ^fe^L 
Chir. Soc. 2hmn. voJ. xlvii. 



CHAPTER XXV, 

CHANGES IN THE BLOOD AND CIRCULATION. 

LOCAL ANA5M1A. 

Local anaemia, or i8clia3mia, is diminution of blood in 
a part owinjy to diminished arterial supply. 

Causes. — The most frequentcausesof diminished arterial 
supply are all those conditions which either harrow or 
completely close the lumen of the artery. The lumen 
of an artery may be diminished by disease of its walls 
, — atheroma, calcification, and syphilis; or by pressure 
exercised upon it from without, as by new growths, in- 
flainmratory exudations, and mechanical or inflammatory 
effusions. The complete closure of the vessel may result 
from sonie of the foregoing conditions, or more commonly 
from thrombosis, embolism, or ligature. In some cases ' 
the supply of blood is diminished by an increase in the 
natural resistance of the artery from irritation of the 
vaso-motor nerve. This occurs as the result of a low . 
temperature, in some neuralgic and other nervous affec-r 
tidns, and from the action .of certain substances, such as 
ergot of rye, opium, &c. 

Results. — A part with diminished arterial supply is 
usually paler, less tense, and of a lower temperature than 
natural, . Its nutrition and function are also impaired, so 
that it may atrophy, undergo fatty degeneration, or die. 
These results were^exemplifiedin the chapters on atrophy, 
fatty degeneration, and necrosis. ' * 

The results of diminished arterial supply, however.) will 
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^Ibviously depetid upon the extent *of the diminution. 
JVhere there is any obstruction of the main artery or 
arteries leading to {^par^, there is increased pressure in 
the vessels behind the obstruction, and in many cases thJ 
anatom IciH distribution of these is tfiich that- they 
gradually* restore the circulation in the antemic area. 
This restituflon ftiay be eifectcd before the nutrition of 
the part has time to suffer. Tn certain tissues, however, 
the blood-vessels are so arranged that when an artery is 
obstructed -the circulation cannot thus be restored by 
collateral branches. The obstruction of the artery, is then 
followed in the first place by complete anaemia of a 
certain area, but the lilood-pressure from behind being 
•iinnihilated, there is a backward pressure freyn the veins, 
and if these contain no valves, the venous blood regurgi- 
tates, and so again fills the capillaries. (Cohnheim.). Such 
arteries, with which anastomoses do not exist, are termed 
by Cohnheim “ terminal *’ arteries. They occur in the 
spleen, kidneys, lungs, brain, and retina ; and obstructions 
in these tissues are necessarily followed by much greater 
nutritive disturbance than in those in which there is a 
free arterial anastomosis. 

Important changes also hike place in the walls of ‘the 
blood-vessels as the result of deprivation of arterial blood. 
These, changes have been studied ex])crimeiitally by 
Cohnheim and may bo thus briefly summarised : — If the 
car of a rabbit be ligatured at its root, and the ligature, 
after remaining on for from eight to ten hours, be 
removed and the blood again allowed to cirenlajbe, the 
organ becomes exceedingly vascular, red, swollen, aftid 
oidomatous ; and when examined microscopically the 
vessels arc found to be dilated, and numerous white blood- 
corpuscles to have escaped from them into the surround- 
ing tissue. The longer the circulation has been obstructed 
the mi're abundant is the infiltration with leucocytes, and 
when the obstruction has lasted for twenty-four hours 
small extravasations of blood also occur. If the ligature 
be j^Uowed to remain on for forty-eigbt ho’ui’s the ear dies. 
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From those observations Cohnneim concludes — that wlieu 
blood-vessels with their vaaa vasorura arc deprived oT 
their circulating blood for a snffipient length p£ time the}'% 
lose their ppwer of retaining the blood, and so ^llow the 
fiquor sanguinis and white blood- corpuscles to escape 
from them, the escape taking place principally through 
the capillaries and veins. In order, however, ^or the walls 
of the blood-vessels to be thus altered, the interference 
with the circulation must be very complete — a very little 
vascular supply serves to maintain their nutrition. These 
changes, as will be seen subsequently, explain that 
hmraorrhagic infarction which results from the blocking 
of a terminal 3 .rtery. (Sec “ Embolism.*’) 


Hypermmia, or congestion, is excess of blood in the more, 
or dess dilated vessels of a part. Whatever increases the 
pressure of the blood, or diminishes the resistance of^ the 
vessels,' may be a cause of hyperamiia. Hyperjemia is 
adioo or arterial, and mechanical or venoab\ Those two 
varieties must be considered separately.’ * 

ACTIVE HYPEILEMIA. 

Active hypermraia is an excess of blood in the arteries 
of a part, with^ in most cases, an acceleration of.thq 
flow.* 

Causes.— -T he causes of active hypersBmia may be 
divided into those which * inci^ease 'bfood-pressure, and 
those which diminish arterial resistance. 

1. Increased Blood-prcssitre-^This occurs most com- 
monly from interruption of the main current of blood in 
any particular part, owing to which increased pressure is 
thrown upon the collateral vessels. These vessels thus 
become dilated, the amount of blood in them is increase^, 
.and the flow is accelerated. This, which is known as 
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collateral hypercemia, is seen after the obstruction of the 
main current from any cause, as from the ligature of -the 
vessel, or from its occlusion by a thrombus or embolus. 
(See “ Epibolism.”> ^ ^ 

General obstruction in the capillaries of a part will in 
the same way cause a compensatory hypersemia. This is 
exempli fied^by the application of external cold, cansing 
contraction of the superficial capillaries and congestion 
of internal organs ; and by obstruction of the capillaries 
in one part of an organ causing hypergemia of the parts 
adjacent. 

2. Biminlalivd Arterial Resistance. — This is much the 
most frequent cause of active hyperiemia. It may. arise 
from — 

a. llelajaation or paralysis of the hjoall of the vessel . — 
The relaxation of the muscular coat of the vessels and 
their ‘consequent' dilatation, may be owing to — Ist, ex- 
, ternal warmth ; 2nd, direct paralysis of the vaso-motor 
nerve ; J3rd, indirect paralysis of the vaso-motor nerve ; 
and*4tli, changes in the walls of the vessel resulting from 
injury independently of the nervous centres. External 
warmth is a common cause of hyperieniia.. This is seen 
in the effect of v^arm baths, fomentations, &c. 

The effects of direct paralysis of the vaso-motor nerves 
are seen in the active congestion of the head and neck 
which follows pressure upon the sympathetic in the neck, 
as by an aneurism; and in the unilateral congestion 
which results from experimental sections or disease of one 
half of the spinal cord. Some emotional conditions also 
are attended by paralysis of the vaschlar nerves and con- 
sequently by active hyperaemia; thia is Seen in blush- 
ing. Certain substances, again, taken internally, produce 
vaso-motor paralysis, as the nitrite of amyl, alcohol, 
tobacco, &c. 

Indirect or reflex paralysis of the vaso-molor nerves is 
most frequently due to irritation of sensory nerves. The 
dilating action of the irritated sensory nerve is iisiralljr 
confined to the region, supplied by it. Of the numerous 
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examples of hyperaemia from this cause, may be me*u^ 
tioned that which follows injury, of the conjunctiva, the 
hyperaemias associated with facial neuralgias, and the * 
liriapism that often results from irritiftion of the urethra. 
The hypermraia pf the skin, caused by fristion and irri- 
tating substances, is also due to the same cause. 

Ilypermmia from the direct injury of Jhe yalls of the 
vessel independently of the liervous system occurs as 
the earliest change in the process of inllammation. In 
intlammation, the irritation is so severe as to cause not 
only dilatation of the vessel and acceferated blood- flow, 
l)ut also a subsequent retardation of the circulation and 
exudatiofi of liquor saitguinis and blood-corpuscles. (See 
“Inflammation.”) If' the injury bq less intense or less 
prolonged in its action, it produces simply dilatation of 
the vessels and increased rapidity of flow — i.e. active 
hypermmia. 

Sudden removal of external pressure. — The sudden 
removal of external pressure from vessels is followed by 
their dilatation, and consequently by hyperaemia. As 
examples of hypermniiafrom this cause, may be mentioned 
that which results from the sudden removal of ascitic 
fluid, and of the fluid from a hydrocele.. 

The removal of atmospheric pressure from a part auch 
as is done by dry cupping, although often included under 
this head, really produces quite a different result. Here 
not only the arteries are involved, but also the veins and 
capillaries, so that the part fills with blood both from the 
arierial and Venous sides of the circulation. The blood- 
flow also instead of being accelerated is retarded, and there 
is often complete stasis. 

y. Atony of the walls of the vessels from mal-nutri-- 
tion. — This is a muph less important cause of hyperaemia. 
Fatty degeneration of thb musc.ular and internal coats of 
the 'smaller arteries may, however, in some eases lead to 
their dilatation, and thus be a^cause o4 active hyperaemia. 

Results. — The results of active hyperaemia are princi- 
pally sucii as might be expected to. follow from an 
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^tlcreaso in tho amonnt of the arterial blood, and in the 
rapidity of its tlow, in any particular ort?an or tisHue. 
^There is increased redness and pulsation, a sensation of 
throbbing being ofi'on experienced by the patient. The^e 
is also some increase in bulk. The temperature at the 
same time undergoes a marked ‘elevation, sometimes a'S 
much as 3°J[^Vnt. If the hypera3rnia be of long duration 
the small arteries become permanently enlarged, their 
walls gradually thicken, and the peri- vascular connective 
tissue may increase. lIypertro})hy of other tissues is 
also a freiiucnt result, (See “Increased Nutrition” and 
“ Hypertrophy.”) Function may, or ‘may not be inter- 
fered with. Jt is in the uervau.s centres that fimctional 
changes are most marked. They include .great excita- 
bility, parmsthosia) of sight and lioaring, convulsions, «&c. 
In the skin, kidneys, and other secreting organs, the 
secretions are usually increased. 

ME(J n ANlfAI. UY PER TSM 1 

Ill mechanical hyiiorannia, the excess of blood is princi- 
pally in the veins, and the flow, instead of being accele- 
rated, is retarded,. 

Causes. — The causes of mechanical hyperaoraia are 
such as interfere with the return of the blood by the 
veins, either by directly impeding its exit from any vein 
pr system of veins, or by diminishing the normal circu- 
lating forces. They are — 

1. A divert hnin dituent to the Itciurn of Blood by the 
. Veins , — This is the moat fertile cause of 'mechanical 
hypor®mia. Any obstruction to* the return of blood by 
tha veins is followed by distension and impeded flow 
behind the obatructioiu . The congestion of some of the 
abdominal viscpra which results* from the obstruction to 
the portal circulation in cirrhosis of the liver j thpit of ‘tjie 
. lung in mitral constriction ;a.nd regurgitation; that of the 
systemic circulation in insufficiency of the tricuspid valve ; 
.and that of the lower extremities from the pressure of the 
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gravid utorus ou the iliac veins, are a few of the numerous^ 
familiar examples of mechanical hypermmia from this 
cause. 

^2. Uiminished Cardiac, Voiver , — This is one of the most 
imi)ort}nit causes pf mechanical hy perm mia. The motor 
power of the heart becomes impaired in many of the 
chronic exhausting diseases, also in th(^ ae^^ite febrile 
diseases, as in typhus and typhoid fever, and in all those 
conditions of degeneration of its structure which lead to 
the dilatation of its cavities. In whichever of these ways 
tlio /’/s a ierfja is diminished, it will tend to produce that 
diminished fulness of the arteries and over-fulness of 
the veins which is so familiar clinically as the result of 
cardiac failure. TSlot only so, but if the condition be of 
long duration, there is necessarily so much interference 
with the changes of the blood in the lungvS, with the 
function of the blood-forming organs, and with the pro- 
cesses of digestion and assimilation, that the blood itself 
becomes deteriorated, and thus the nutrition of the 
tissues generally suffers. 

d. Gravitation ,, — This becomes an important auxiliary 
in the production of hy]>era5mia in disease, especially 
when it is associated with diminished cardiac power. 
The effect of gravitation in determining congestion of the 
most dependent parts is exemplified in chronic exhaustive 
and in many of the acute febrile diseases, in which the 
nutrition generally becomes impaired, the heart’s power 
weakened, and in which the patient, confined to bed, is 
unable frequently to change his position. The integu- 
ments of the back, and the iwsterior portions of the lungs, ‘ 
are the parts which are thus most frequently affected. 
(Hypostatic Congestion). Gravitutiou in the same way 
determines the initial swelling of the legs in cases of 
cardiac dropsy. 

4. Increased Local Resistance , — This results from dis- 
eased conditions of the arterial walls, owing to which they 
either lose their elasticity and contractility and thus 
their power of equalising and regulating the blood-flow, 
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,or become considerably enlarged. In either case the cir- 
culation will be impeded, there will be an accumulation 
of blood and retardation of flow in the veins beyond, and 
the veins themsclfes will gi*adually become relaxed and 
dilated. Such conditions may arise ^oin simple atony 
of the arterial walls, or from atheromatous, fatty, or 
calcareou%chapgcs. They are most common in advanced 
life. The part they play in the production of senile 
gangrene has been already alluded to. (See “ Senile 
Gangrene.’*) 

Results. — Whether there be a direct impediment to 
the return of blood by the veins or a failure in the cir- 
culating forces, the veins and capillaries dilate, and the 
blood accumulates in them and moves with diminished 
velocity. Tlie subsequent changes will depend upon the 
amount of obstruction to the venous return and the force 
of the arterial circulation ; in other words, upon the 
amount of pressure and the relation of the pressure in 
the arteries to that in the veins. The most important of 
these changes are the tmusvdation of serww, the diape- 
desis of the red hlood^corpmdes, Immoii'kage, fibroid 
induration, thrombosis , and necrosis, 

1. Transudation of Serum. — This, which is one of the 
most important results of mechanical hypergemia, is duo 
to the ditference in the amount of blood-flow to and from 
the part. Hence, the greater the impediment to the re- 
turn by the veins, and the greater the arterial supply, the 
greater the tendency to transudation. The influence of 
the arterial supply upon the amount of transudation is 
shown experimentally hy producing dilatation of the ar- 
teries by section of their vaso-motor nerves. If in the rabbit 
the main vein of the ear bo ligatured on both sides, and 
the sympathetic be divided in the neck on one side, the 
tranaudatiLif^ serum into the ear of that side on which 
the nerve was divided will be very considerable, whilst on 
the other side it will be slight, or entirely wanting. The 
serum transudes mainly from the capillaries and small 
veins, and not from the small arteries. It differs from 
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blood-serum in being of lower specific gravity, and i^j 
containing more water and less of the solid constituents. 
The greater the pressure, the more nearly does the trsins- 
lided liquid resemble the liquor sanguihis, and the greater 
is the amount of^albumcn which it contains. If the pres- 
sure be very great it may yield a fibrinous coagulum. 

This augmented transudation from tlje bjood-vessels 
causes an increase in the absorption by the lymphatics, 
and this increase may bo sufficient to prevent any ac- 
cumulation of serum in the part — as is the case, for 
example, in the car of the rabbit, whore the main vein 
is obliterated but the arteries are not dilated (see anten). 
Where the lymphatic absorption, however, is insufficient 
to remove the transuded liquid, this accumulates and 
gives rise to mdama and dropsical effusion. The amount 
of transudation will be inffuenced by the anatomical 
characters of the tissue, being m9st in those parts in 
which the blood-vessels are least supported, as in the 
subcutuneons tissue, and in tissues which present a free 
surface, as serous and raucous membranes. A lax and 
toneless condition of the vessels will also favour trans- 
udation. 

"2. Viapeclesis of Red Blood-corpuscles , — When the 
obstruction to the venous return is very great, not only 
does serum transude from the veins and capillaries, but 
some of the red blood-corpuscles also escape from' the 
same vessels. This diapedesis of the red corpuscles in 
conditions of mechanical hyperaomia was discovered by 
Cohnheim. It may be observed in the web or tongue 
of the frog after ligature of the main vein. The red cor- 
puscles accumulate in increasing numbers in the veins 
and capillaries, the blood-stream in these vessels com- 
pletely stagnates, the red corpuscles become so closely 
packed that their individual outlines y>«i8iarcely dis- 
tinguishable, the coherent mass oscillat^^ to and fro with 
the arterial pulsation, and then suddenly some of the 
red corpuscles penetrate the walls of the small veins and 
capillaries and escape into the surrounding tissue. This 

p 2 
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•diapedesis occurs without rupture of the vessel, and if 
the ligature be removed, the blood again circulates in a 
perfectly normal manner. The corpuscles apperir to be 
squeezed through the capillary walls as the result ot the 
pi'cssuro. .TTi(iy rarely escape in great f umbers, and they 
possibly do so by passing through the stomata which 
Recklinghausen has shown to exist between the endothelial 
elements ; although Cohnheim considers that the exist- 
ence of these is not necessary to account for the diape- 
desis. 

Hijcmorrhage — This is another result of mechanical 
hyperjDinia. It usually occurs only when the obstruction 
to the venous current is very great. 'ITiose vessels which 
are the least supported are the first to give way. The 
haunorrhage into the stomach in cirrhosis of the liver, 
and into tlie lung in mitral disease, arc familiar examples 
of luuraorrhage from this cause. 

4. Fibroid Tnduratiov which iS due to a gradual 

iiicrcase in the connective tissue around the blood- vosseds, 
is DUO of the most important results of long continued 
mechanical hyporamiia. The insterstitial growth leads to 
atrojdiy of the other structures, and thus to impairment 
of the functions of the organ. In the stomach, it produces 
atro})hy of the glandular structures ; in the kidney, com- 
pression of the urine tubes ; in the liver, obstruction to 
the portal circulation ; in the heart, diminution in motor 
power. The alterations which this change produces in 
the physical characters of the organs — viz., a hardness 
and induration associated with abnormal redness or 
pigmentation due to the excess of blood, are exceedingly 
characteristic. 

o. Thrombosis. — ^This, as a result of mechanical ob- 
struction, will he described in the following chapter. 

b. This only occurs from mechanical hy- 

per mmia when tne obstruction is very general and com- 
plete. It has been already described under the head of 
“ Necrosis.” 

In addition to the foregoing, long-continued mechanical 




hyperaBmia leads to impairment of vitality and function.* 
Tile tissues gradually atrophy and undergo retrogressive 
changes, altliough from the amount of^serosity and blood 
vWiich they contain, their size and absolute weight may 
be increased. Ttteir temperature becomes lowered. This 
form of hypermmia has no tendency to cause hypertrophy. 
In mucous membranes it gives rise to catarrh.* 



Nuimer/ Liver . — Showing tho destractiou of tho liver-coils 
and the pigmentation of the central portions of tho acinus, 
together with the now growth of connective tissue at tho 
periphery. V. Hepatic vein. P. I’ortal canal, x 50. 
(When the specimen is more highly magnitieci, the peri- 
I>heral connective tissue growth is seen to contain nu- 
merous nuclei.) 


Mechanical HYPERdCMiA of the Nutmeg 

Liveb.— ‘Long-continued mechanical mypersemia of the 
liver gives rise to the condition known as Nutmeg Liver, 
This is the condition which so frequently results from 
disease of the heart. The change is characterised a 
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targe accmnulation of blood in the hepatic veins, by dila- 
tation and thickening of these veins, by atrophy of the 
’ hepatic cells in the^central portions of the acini, and by 
an inci-ease in the interlobular connective tissue. Th?! 
impediment to the return of blood by the hepatic vein 
leads to atrophy of the cells in the central portions of the 
acini and atso to the formation of granular pigment, so 
that when examined microscopically, these portions of 
the acini arc seen to consist of broken-down cells and 


Fig. 64, 



Nutmeg Liver . — Portion of Fipf. 63, arou ml central liopatio 
vein (V), more liigbly magnified Showing tho thickening 
of the veins, and the accmnulation of red hlood-coipuscles 
within them, x 400. 

granules of pigment. (Fig. 63.) The veins Jiere are found 
much dilated, and filled with red blood-corpuscles. (Fig. 
64.) Their walls are thickened, and there often appears 
to be also more or less thickening of the intercellular net- 
work which immediately surrounds the central vein. 
Owing to of tho central vein and of the 

adjacent intercellular network, and to the des'lniction 
of the liver-cells, the most central portions of the acini, 
in advanced stages of the disease, may present a 
fibrpus appearance. At the peripheral parts of the acini 
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the now interlobular growth is seen insinuating itsoU 
between the almost unaltered liver cells. This new inter- 
lobiilar growth is usually distinctly nneleated, but, for the 
n^ost part, less so than that met with in cirrhosis. Its 
cellular character* has been especially insisted upon by 
Dr. Wickham Legg. 

In the earlier stages of this aficction the li^er is often 
(‘considerably increased in size from the large amount of 
blood which it contains. On section, it presents a peculiar 
mottled appearance, the centre of the lobules being of 
a dark red colour, whilst the perii^heral portions are of 
a yellowish-wliite. Thi.s latter appearance is often in- 
creased by the presence of more or less fat in the peri- 
idicral liver-cells, intimately the organ may undergo a 
gradual diminution in size. This is due partly to the 
atrophy of the colls in the central portions of the lobule, 
and partly to the pressure of the inteidobular growth. 
The interlobular growth tends to cause obstruction to the 
portal circulation, as in cirrhosis. 

Mecuiankjal HvrEJiiEMTA OF TJiE LuNGs. — In the lungs, 
long-continued mechanical hypermmia produces that 
peculiar indurcation and pigmentation' of the organs 
which is known as Brown Induration. This condition 
most frequently results from stenosis and insufficiency of 
the mitral orifice. The alterations produced in the pul- 
monary texture consist in the first place of elongation 
and dilatation of the pulmonary capillaries, so that even 
in nninjected preparations the alveolar walls appear ab- 
normally tortuous. The epithelial cells lining the aveoli 
also become swollen and probably multiply, and they 
are seen in large numbers, filled with dark brown pig- 
ment, covering the alveolar walls. (Fig. 65.) They fre- 
quently accumulate within the aveolar cavities. These 
changes are followed by an increase i^^iwi^terlobular 
connective tissue, by the formation of^rarge quantities of 
brownish-black pigment, and often by a thickening of the 
alveolar walls. Sometimes the pulmonary capillaries 
rupture, ahd blood is extravasated into the lung- tissue. 
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> Lungs in which these changes are at all advanced pre- 
sent a more or less uniform brownish-red tint, mottled 
with brown or blackish'coloured specks and streaks. 


Fig. ()o. 



Brown fmtnraiion of Lvinj . — Sliowiiig the iibnoriiaal 
number of swollrii iiiguu»ute<l epilliellal cells covering 
the alveolju' walls, the iiiereaKo of connective tissue 
tiromni tie' blood-vessel, o, ami lie* l.-irgtJ quantity of pig- 
ment. b. The alveolar cavity, x 20U, 

They are heavier and tougher thun natural, less crepi- 
tant, and upon squeezing them the pulmonary tissue is 
found to be denser and thicker than that of a healthy 
lung. 

Post-Mortem ArrEARANCEs or Hyper^emia. — The post- 
mortem appearances presented by hyperaimic organs and 
ctSswies vary considerably. Very frequently parts which 
were hyj^.rt(Jnlite^during life show no signs of it after 
death. If the blM&d does not coagulate rapidly it passes 
on into the veinsi and thus the recognition of arterial 
and capillary hypen^mia very often becomes impossible. 
TJ^c efiect of gravitat^n must also be taken into account 
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in estimating hyperaemia. After death the blood natiia 
rally gravitates to the most dependent parts: — this is 
seen in the post-mortem congestion of the posterior por- 
iJions of the lungs, and of the most dependent portions of 
the various coilsiof the intestine. I’he uniform redness 
of post-mortem staining again, must not be confounded 
with the redness of hypcracmia. In capillary Sind arterial 
hypermmia, the colour is red, and the injection often 
presents the api>carance of a capilliform network. If 
very intense it may to the naked eye appear uniform, but 
a lens will always discover its capillnry nature. When 
the veins are the seat of the hypeneniia the injection is 
called ramiforrn, and the colour is dark blue. 

The anatomical peculiarities in the distribution of the 
blood-vessels will, however, materially affect the appear- 
ance of the hyperjomia. In the intestines it is often 
imnctiforra, being situated in the ves.sols of the villi; so 
also in the kidney, when its .seat is the Malpighian cor- 
])uscles. A piinctiform apyicarancc miiy also be produced 
by minute extravasations of blood. If the hyperamiia is 
of long-standing, the tissue becomes pigmented. This is 
often well seen in the stomach and intestines, also in the 
lungs. 



CHAPTER XXVI. 

TIir.OMBOSIS. 


Thiiombosis is a coagulation of the hlood within the 
vessels during lifo. The coaguluni is called a thromhus. 
It may form in the heart, in the arteries, in the capil- 
laries, or in the veins. It is much the most common in 
the last-named vessels. 

Causks. — The phenomenon of blood-coagulation has 
been specially studied by Jh-of. Alex. Schmidt, and has 
b(*en shown by this observer to depend largely upon the 
white blood-corpuscles. The fibrin is formed by the union 
of two fibrin generators — fibnnogen and paraglobulin, 
and this union is effected by a fibrin ferment. The 
fibrinogen exists as such in the liquor sanguinis, but 
the ferraeTit and the greater part of the paraglobulin are 
contained in the white blood-corpuscles. A destruction 
of some of these corpuscles and the liberation of the 
ferment and paraglobulin is therefore necessary in order 
for coagulation to take place. 

The fluidity of the blood during life is due to its 
continuous contact with the living walls of the heart and 
blood-vessels. Whatever, therefore, interferes with this 
coiitiuuouscontact, or impairs the vitality of the 
vessels in^hic^die blood circulates will, by lecadiug to 
the destruction ofVome of the white corpuscles, prevent 
fluidity and cause coagulation. An interference with the 
continuous contact of the blood with the vascular walls 
refralts from retardation of the blood-flow. Impairment 
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(»f vitality of the vessels must involve the endothelium in* 
order for it to cause coagulation — as long as the endothe- 
lium remains normal alterations in J;he walls of the 
vessels will not cause thrombosis. In many cases the 
coagulation is dde partly to retarded blood- How and 
partly to abnormal endothelium. 

1. Thrombosis from Itetardntion of the lllooSt-floio may 
result from — 

n. hderriijption nr narrowing of the vessel . — This occurs 
after the application of a ligature. Coagulation com- 
mences at the point of contact, and extends as far as the 
first large collateral branches, thus permanently closing 
the vessel. The laceration of the inner coat of the artery 
by the ligature, and the folds into which it is thrown, 
contributes very materially to the formation of the clot. 
The pressure exercised by tumours, cicatricial tissue, 
extravasations of blood, and the closure of a vessel by 
the impaction of an embolus, may in the same way by 
impeding or arrestiTig the circulation cause thrombosis. 
General obstruction in the capillaries of a part also causes 
coagulation in the adjacent veins. 

/3. Solution of the contlnallg of the vessel . — Tlie forma- 
tion of a thrombus after the division or tearing of a vessel 
constitutes the means by which hmmorrhage is imme- 
diately arrested — there must be cither thrombosis or con- 
tinuous hsjemorrhago. In the arteries, the severed end of 
the vessel contracts and retracts within its sheath, coagu- 
lation commences around it and extends upwards as far 
as the first large collateral branch. In the veins, hmmor- 
rhago is frequently arrested by the valves, and the forma- 
tion of a thrombus will evidently depend upon the rela- 
tive situations of the valves and collateral vessels. The 
Ineniorrhage from the uterus after the soiw^ion of the 
placenta is arrested either by uterine ^'ntmeftou or by 
thrombosis. In all these cases the inju^ to the walls of 
the vessels is an important element in the causation of 
the coagulation. 

y, JHla:ation of the vessels, or of the /leari.— The mo«t 
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femiliar example of thrombosis from this cause is that 
which occurs in an aneurism. The greater the amount of 
<lihitation the greater is tho retardation of the blood-flow. 
The coagulation commences at the sides of the vessel, anti 
may extend until it completely fills the cavity. It is often 
favoured by atheromatous or other changes in the walls 
of the sac. * (Coagulation from the same cause is not un- 
common in the dilated plexuses of the prostate gland. 
In the heart, thrombosis is most freipient in the auricles, 
lb usually commences in the auricular appendix, where 
there is very little proj)ulsive power, and it may gradually 
extend into the auricular cavity. It is also met with in 
tho ventricles, commonly commencing here between the 
columnar earn cm. 

d. Diminished cardiac iioicer . — ^This is a common cause 
of thrombosis in tlic veins. I'hc cosgnliition commences 
just behind tho flaps of tho valves, i’rom which it gradually 
extends into the cavity of tho vessel. This api)ear8 to be 
owing to the force of the current not being sutliciently 
strong to completely open tho valve.s, and the blood con- 
sequently stagnates and coagulates behind them. The 
crural and iliac veins, the venous plexuses of the back, 
and the cerebral sinuses, arcj the situations in whicli 
thrombosis from this cause is most frequently met with. 
It occurs ill tho course of many chronic exhausting dis- 
eases in which, the cardiac power becomes diminished, and 
is especially frequent in phthisis, cancer, &c. The state 
of the blood, which often has an abnormal tendency to 
coagulate, together with the quiescent condition of the 
j)atient, materially aid in causing the coagulation. 

2. Th routhaais from Abnormal Conditions of the Vessels 
r of ihe Blood, 

Causes hi the vessels . — All those alterations in the 
'lO ves3||ls which are accompanied by loss or by 
oairni\t of the vitality of the endothelium 
Hisis. The abnormal surface acts as a foreign 
'lood coagulates upon it, and it may con- 
util the cavity of the vessel becomes filled 



THROMBOSIS. 


221 


with coa^ulum. Thrombi produced in this way are coii- 
seqnontly stratified. The walls of a vessel may become 
altered as the result of inflammatory processes, and 
Snfiarnmation was formerly regarded aS the main, if not 
the only, cause of thrombosis ; hence thrombosis in veins 
is frequently termed ‘■phlebitis” even at the present day. 
Inflammation of veins is certainly rare as a pt^jiniary con- 
dition, although it not nnfreqiiently results from the 
formation of a thrombus ; and when occurring primarily, 
iuflanimatAry processes, lx>th in the arteries and the veins, 
liave their seat in the external and middle coats or in the 
deci)cr layers of the intima. They never commence in 
the lining membrane oC the vessel ; this only becomes 
alFccted secondarily. The endothelium may be thrown 
off or die as the result of the inflammatory process, and 
when tliis has occurred the blood coagulates. Such in- 
flammatory changes occur in the arteries, constituting the 
condition known as “atheroiha,” which, in the smaller 
vessels, may be a cause of thrombosis. In the lieart they 
constitute endocarditis ; and here also coagulation niay 
take place upon the abnormal surface of the inflammatory 
vegetations. (See “ Kndocarditis."’) 

^I’he walls of a vessel may also become altered, and 
thus thrombosis result, from inflammation or necrosis of 
the tissues in which it is situated. The vitality of the 
vessel becomes destroyed and the blood coagulates within 
it ; and by tliis means the occurrence of haemorrhage is 
frequently prevented. Traumatic injury as a cause of 
thrombosis is exemplified by ligature, and by laceration 
or division of the vessel. In certain infectious diseases 
the endothelium undergoes fatty degeneration, and hence 
there is a tendency to coagulation.* Lnstly, the pro- 
jection of new formations, as sJircoma, into the cavity of 
vessels causes the formation of a thrombviA;^*^ 

Causes hi the blood . — ^There caiywe no doubt that 
certain conditions of the blood favoifr coagulation, and 


* Ponlick. Virchm's Archiv. lx. p. 153. 
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consequently tend to promote the occurrence of throm- 
bosis. The phenomenon of blood-coagulation, as already 
stated, depends upon the white blood-corpuscles, and it 
is well known that, under certain circumstances, 
increase in the number of these corpugcles in the blood 
favours the formation of thrombi. Such an increase is 
froqueutl}^ met with in inflammatory processes which 
involve largely the lymphatic organs (leucocytosis). It 
is probable that other conditions of the blood, such as a 
loss of its scrum, and alterations produced by fevers 
and by septic ]i(ns(ms. may also favour coagulation. 
(See ** Se])tic!ornifi.’') An increased tendency of the 
blood to coagulate has long heeii knowm to exist in many 
acute inflammatory discase.s, aud in the latter months of 
juvgiiancy. 

An increased ten(lcn<'y of the blood to coagulate, to 
whatever circumstances it may be due, is, however, 
prol)aldy never sullicient in itself to determine the forma- 
tion of a thrombus ; it can hence only be regarded as a 
predisposing cause. It is es])ccially in those conditions 
in which the circulation is imj)cdcd from diminished 
cardiac power, that it becomes an irai)ortant agent in 
producing thrombosis. 

CIIAIUCTKKS, OP Tuuomiu.— The thromons may 

completely or only partially fill the cavity of the vessel. 
In most cases, however, when coagulation has com- 
menced, it proceeds until the vessel is obstructed, and 
when once this has occurred, the formation of the 
thrombus continues to extend in the course of the vessel 
until it meets with a current of blood strong enough to 
arrest its progress. Its nltiinate extent will thus mainly 
depend upon the vessel in which it is formed, upon the 
size and situation of the collateral branches, and upon 
the force^jMljo circulating current. The direction in 
which the coa^ation principally extends, whether in 
the arteries or % veins, is consequently backwards, 
from vessels of smaller to those of larger calibre ; the 
formation of the thrombus continuing until it meets 
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with a current sufficiently strong to restore the circult^- 
tion, which in many cases is as far as the entrance of 
the next large collateral vessel. For the same reasons 
<he extension of thrombi is usually inAch greater in veins 
than arteries, iji the capillaries, coagulation occurs only 
as the result of necrosis of the capillary walls, con- 
sequently in thrombosis from retardation of |ihe circula- 
tion the coagulation will not extend in these vessels. 
The end of the thrombus Jiext the heart is rounded and 
conical in shape. (See Fig. 68, c.) 

Thrombi must be distinguished from the coagula that 
form after death, and also from those formed in the last 
moments of life which arc so commonly found in the 
cardiac cavities. Po.st-mortem coagula are soft, and are 
often divisible into two layers, coloured and uncoloured ; 
they do not adhere to the walls of the vessel, and rarely 
completely till its cavity. The clots formed in the heart 
just before death constitute h connecting link between 
post-mortem coagula and thrombi. T'hey are more or less 
decolorised, and arc hrnier in consistence and more 
fibrinous than post-mortem clots. They are not firmly 
adherent to the carduic walls, but are often so entangled 
amongst the columnic carriom, chorda? tendincm, and 
papillary muscles, that tlicy cannot be quite readily 
se])arated. They appear to be the result of the mechanical 
defibrination of the blood b}’ the cardiac contractions a 
little while before death ; the contractions not being suffi- 
ciently strong to empty the cavities, some of the blood 
remains behind, and becomes “ whipped up ” and defibri- 
nated. These clots are most common in the right cardiac 
cavities, and they often extend some way into the 
pulmonary artery, from which, however, they can very 
readily be removed. They are met with most frequently 
in those cases in which the death-strugglo^ifK^’^been pro- 
longed, and in which there has hecxiA gradual loss of 
power in the cardiac contractions. H/lq existence of any 
increased tendency of the blood to coagulate will also 
materially favour their formation. 
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Athromhiis, or antc-morfcem clot, is firmer, dryer, and 
more fibrinous tJuin either of the preceding, and it is 
adherent to the walls of the vessel. Its characters, how- 
ever, vary with its*ago, and according as it originates iu 
quiescent or circulating blood. When ibagulation takes 
place in cpiiescent blood, as, for example, in an artery or 
vein after yie ai)plication of a ligatnre, the thrombus when 
freshly -formed is of a dark red colour and soft gelatinous 
consistence, closely resembling a post-mortem clot. It 
gradually loses its serum and so becomes dryer, less 
elastic, and more friable; but as the rod corpuscles arc 
contained in it, it still keeps its red colour. The coagula- 
tion also tahing place throughout the whole mass of 
blood, the thrombus maintains a more or less uniform. 
strncturo. AV'liou, (ju the other hand, as is much more 
frequently the case, coagulation occurs in a vessel in 
which the blood is still circulating, as for example in the 
sac of jin aneurism or on an infiamed cardiac valve, the 
thrombus presents (luite different characters from the 
foregoing. Here the first step in the formation of the, 
thrombus is the continuous adhesion of white blood- 
corpuscles to the abnormal surface of the vessel ; then n])oii 
the little mass of adherent corpuscles fibrin is deposited, 
more corpuscles adhere, more fibrin is again deposited, 
and thus a more or loss sf ratified thrombus is produced. 
In most cases but few of the red corpuscles get entangled 
in this process, so that those thrombi are never so red as 
the other variety, but are usually of a greyish-white 
colour. The red blood-corj>usclcs contained in thrombi 
gradually atrophy and disappear, and their colouring 
inatt(‘r is partly absorbed and partly convei*ted into 
pigment. The thrombus thus becomes decolorized. 

I he subsequent changes which thrombi undergo are 
ojv/n ni ffenlng. 

OnjnnLsuiion^^^liiii jg most frequent in the uniform 
unstratitied throinln, and especially in those occurring 
m arteries. The process consists in the gradual transfor- 
m^itiouof the thrombus into vascularised connective tissue. 



THROMBOSIS. 


225 


A thronibufe which is Undergoing a process x>f organisa- 
tion gradually diminishes in size, it becomes more an^ 
more decolorised; firmer and more fibrous in consistence,' 
'its union with the wall of the vessel Becomes 'more inti- 
mate, and ultin^ately it may become converted into a 
fibro- cellular cord, ‘ These changes, although stjll im- 
perfectly understood, probably originate in tjie wall of 
the thrombosed vessel and not in the thrombus itself. 

Soon, after the* formation of the thrombus the red 
corpuscles, as already stated, disappear, but young cells 

Fig, 66. 



Section of an Arterial Thromhus Thirty-seven Days Old . — 

* a. New blood-vossols. 6. Leucocytes and anastomosing 
, cells. • (Hindllcisch.) 

resembling leucocytes are found in considerable numbers. . 
Numerous new. blood-vessels theh make their appearance, 
intersecting the thrombus in all directions, and also some 
spindle-shaped ai^d anastomosing cells. (B^ig. 66.) These 
new vessels communicate with the cavity of the throm- 
bosed vessel, and with its vas& vasorum. (Fig. 67.) The 
thrombus thus becomes replaced by a vasculg?*. ^brillated 
structure wh:^* orradually undergoes a process of atrophy 
and contractictn* and the new vessels /isapp^r. ^ In the 
process of contraction sinuses ^re often formed, by means 
of which the circulation ri^ partially re-established. In . 

Q * 
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some cases tHe thronabus'becomes calcified, andthiis forms 
a pblebolith. 

The new vessels which penetrate tlm thrombus un- 
doubtedly originate mainly fyom the vasa yasorum. 
Eespecting the source from which th%«new cells which 
make, their apfpearanco are derived — it appears to be 


•Fig. 67; 



Longitudinal Section of the Ligatured End of the Crural 
Artery of a Dog, Jifty ^ays after the Apidication of the 
Ligature. — Sliowiug the no\viy-formed vessels in the 
thrombus and tlie# communication with the vasa vaso- 
rum. Th. Thrombus, il/. Muscular coat. Z. External 
coat and vasa vasoi-uin. x 20. (O. Wobfer.) 

probable that they originate partly from the white 
blood-coi^qples, and partly from the endothelial and^ 
conueetive tissii^cells belonging to the wails of the 
vessel. Recent r^arches tend to show th^t the^endothe- 
lium takes n prominent part in the process. Whether, 
h^ever, they are all of them the offspnng of these 
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elements, or whether some of them may not be leucocytes 
which have penetrated frgm witTiont, is unknown. From 
these smaircells the elongated, connective-tissue cells are 
•^produced. The exact source from which the* fibrillated 
intercellular lil^terial is derived-r-whether the inter- 
cellular coagulum itself fibrillates, or whether it dis- 
appears and the fibres are derived from the protoplasm 
of the cells — is uncertain. 

Softening , — If the thrombus does not become organised 
it usually undergoes a process of - softening. This . is 
most common in stratified thrombi, and especially in 
those occurring in tho veins and heart. It is probable 
that in some cases the thrombus may become partially or 
completely absorbed. The softening usually commences 
in the centre of the clot, and gradually extends 
towards the circumference. In one form of softening the- 
thrombus becomes converted into a reddish-brown, soft, 
pulpy material, which sometimes has -the appearance of 
pounded cooked meat. . Under the microscope it is seen 
tQ consist of albuminous granules, molecular fat, and 
more or less altered red and white blood-corpuscles. The 
whole of the thrombus may, become softened, or the pro- 
cess may be limited to the more central portions, whilst 
the external layers become organised. V ery frequently, 
as the older portions of the clot -are becoming disin- 
tegrated and softened, fresh coagulation takes place at 
‘its extremities. The thrombus may also 'become per- 
forated by openings through which the circulation is re- 
established. This, which may occur in softened as in 
organised thrombi, itonstitutes wha^ is known as canaliza^ 
tion of the thrombus. 

Much more important than this simple red’softening of 
thrombi is what has been described by Virchow as yellow 
or puriform softening. Here the central portions of the- 
thrombus consist of a yellow or yelk wish-red. material 
which m consistence and' appearance ^osely resemble pns. 
The walls of the ^vessel within whicn pnriforAi softening 
of a thrombus is taking place almost invariably ^ooner or 

Q2 • 
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later become inflamed, and it \vas fonperly believed that 
ttie jmriform material was true pus and resulted from the 
inflammation of the vessel. (See ** Results.”) It is not 
however pus, but simply the softened and diflluent' 
tliroiribus. It contains a few -cells reserhblinpf pus-cells 
wliich are for the most part the Icneocytes originally 
contained ^ the clot, and possibly also some may have 
entered from without. The pUriform material is charac- 
terised physiologically by the property it possesses of 
inducing inflammatory and necrotic changes in the tissues 
with which it comes ihto- contact. This property is due 
to the influence of hnetena; and to the presence and 
action of these orga,ni.sms is probably also tt) bo ascribed 
the puriform transformation of the thrombus. These 
septic changes in ilirombi are intimately associated with 
the pathology of septicaemia and pyaemia, J^nd they will 
be considered further when treating of these subjects. . 

EesuIiTs. — The results of thrombosis comprise certain 
changes in the walls of the ves.«ols, more or less oUstriic- 
tion to the circulation, and embolism. These must be 
considered separately. 

1. Clumgas in tha eeaaels . — ilore or less alteration in 
the wall of the vessel is an invariable consequence of the 
formation of a thrombus. When the thrombus under- 
goes a process of organisation, it becomes, as already 
described, intimately united with the vascular wall. The 
latter in the first place' becomes intiltra4icd with cells and 
considerably thickened, but ultimately, togethet' with 
the thrombus, gradually atrophies.* It- is when' the 
tlironibus is septic and undergoes a process of yellow 
or puriform softening that the most important changes 
take place in th§ 'vessel. .These changes iire of an. acute 
inflammatory nature, and result from the injurious 
inlluenco ^of the. thrombus. They are most frequently 
, observed in the weins, where peptic thrombi ^are most 
vessel, occur. V * * • * 

Hum takeflls of a vein within which athroinbna is linder- 
hoWever, tbeess of puriform softening aye considerably 
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thickened, so that -the vessel more resembles an artei^. 
The inner surface has lost its trahslucency,and is of a dead- 
opaque colour. The adventitia and middle coats are hyper- 
seraic with numerous haemorrhagic points, which latter are 
often visible through the intirna. Somewhat later the 
walls of the vessel become infiltrated with leucocytes, 
small collections of pus are seen in the external and 
middle coats, and portions of the iutiiiia may become 
detached. The neighbouring tissues may also become 
involved- ’These .acute inflammatory changes in veins 
constitute what is known as silpimmtmi phlehifis. 
Although they are most frequently due to thrombosis, 
they ■ may also occur as the result of extension from 
adjacent suppurating tissues, in which case the thrombus, 
which also undergoes puriforni softening, is secondarily to 
the phlebitis. (See “ Inflammation of Veins.**) Similar 
changes are observed in the arteries. 

2. OhstruciVon to the circulation , — The consoquouces of 
the obstruction to the circulation which results from the 
formation of a thrombus will depend upon- the rapidity 
and cause of its formation, the nature and size’ of the 
vessel obstructed, the situation ^nd number of the col- 
lateral branches, and the force of the circulating current. 
The rapidity with which the obstruction' is effected is of 
considerable importance, inasmuch *as the more gradual 
this is' the longer is the time allowed for the establish- 
jfient of a collateral circulation. For this reason the 
ihterference .with the circulation caused by thrombosis is, 
for the most part, le*ss marked than that which results 
from the more sudden obstruction caused by embolism. 
The cause of the thrombosis is important for the reason 
already stated — viz., that in that which results From 
retai*dation of the circulation the coagulation does not ex- 
tend in the capillary vessels. 

In the veins, "When •thrombosis o<^rs in a vessel of 
small size and there arc numerous Collateral branches, 
as in the prostatio qi: uterine plexuses, the circulation is 
but little interfered wjtb, and no symptoms of obstfuc- 
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flon result. If,, however, the main trunk of a large vein 
becomes obliterated, as that of the femoral or iliac veins, 
the obstruction is followed by hypereemia, the extent and 
duration of which will depend upon tj^e facility with 
which the circulation can be restored by the bollateral 
vessels. Throiobosis in the above-named veins frequently 
occurs, as*already stated, in the latter stages of many 
chronic dtjbilitating diseases, especially in phthisis ; also 
in the puerperal state, where it gives rise to the condition 
known as dolens. The formation of a. throm- 

bus hero is followed by nfidcina a.nd swelling of the limb, 

. which becomes tense, elastic, and painful. lA the early 
stage there may be some cyanosis, but this is usually 
quickly followed by a pallid whiteness of the surface. 
There is often more or less tenderhess in the course of 
the vein, which feels enlarged, hard, and knotted, owing 
to the secondary inllammatory changes in its walls. At 
the same time there is soniotimes swelling and temlerness 
, of the lymphatics, which may bo seen as red linos tra- 
versing the limb. DiiTiiso inllammation of the skin and 
subcutaneous cellular tissue occasionally occurs. These 
changes are owing partly to the mechanical impediment 
to the circulation, and partly to the obstruction .of lym- 
phatics and to the secondary inflammatory processes in 
the vein and tissues which ensiio. The circulation is 
usually nltiinatoly restored ; but if the impedirncut has 
been of long duration, the tissues become thickened, and 
the limb is left- in a hai^, indurated, and somewhat en- 
larged condition. 

. The* results of obstruction in arteries have been already 
considered in the chapter on Local Anaemia. These re- 
^ suits will obviously depend upon the facility with which 
^the circulation can be restored by the collateral vessels. 
If blie circulation be quickly, re-established, the yitality of 
the iib^es may ^t become imjJairedl but if not, the 
part maj^ndergo ^process of molecular disintegration 
and floftcuiSjj^the softened tissue often being surrounded 
. zone of \wercemia which results from the attempt 
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to establish a oollateral circulation. It is in tissues with 
terminal arteries that the, interference is most marked, 
i^aiid here the haemorrhagic infarction w^jich so often results 
from embolism^ay occur, 
gradual obstrucliou of the 
do so. (See “ Embolisnj.V) 

3. Emholism . — Portions of the thrombus may be carried 
away by the circulation, thus ‘constituting embolism. 
Tills, which is the most inij)ortant result of thrombosis, 
will be considered in the following chapter. 


although owin^ to the more 
circulation, it is less likely to 



CHAPTER XXVII. 


EMBOLISM. 

Km HOLISM is the arrest of solid suhstanccs circulating in 
the blood in vessels which are too small to all^w them to 
pass. The solid substances are termed emljoli. These 
are very various iu their nature. 

By far the most frequent source jof emboli are thrombi, 
portions of which are carried from the seat of their for- 
mation by the circulation, and become arrested in distant 
vessels— thus constituting embolism. A thrombus may 
give rise to emboli iu various ways. It may soften and 
break down, and if the Inrneu of the vessel be thus restored, 
\ts fragments become distributed by the blood-current. I n 
those cases in which the thrombus does not fill the vessel, 
portions of it may readily be carried away by the blood 
passing over it. Perhaps, however, the most frequent way 
in which a thrpmbus gives rise to embolism is by its conical 
end being broken off by the current* of blood from a col- 
lateral vessel. The formation .of a thrombus, as already 
described, usually ceases opposite the entrance of a large 
collateral vessel, and if its conical end project a little way 
into the cavity of this vessel it may be readily broj^en off 
% the blood-current. (Fig.*68.) It is especially venous 
thrombi which give rise to*embolism. ; the veins of the leg, 
the iliac, hypogastric, and jugujar veins being amongst the 
most common sources. Emboli fronl cardiac thrombi are 
also exceedingly common, whilst those from arterial are 
the least frequent. \ In embolism originating, from a 
thrombus, some sudden movement' or exertion often 
det^minea the separation of the embolus. 
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Embolf may, however, originate independently 
thrombi ; — vegetations and calcareous or atheromatous 
masses separated from the valves of%tlie heart, or from 


Fro. G8. • 



A Thromhm in the ^aphermts r* in . — Sliowing the pro- 
jccHou of the conical end of the tlirombus into tho feinohil 
vessel. S. Saphenous vein. T. Thrombus. V, Oonical 
end proji'ctinj^ into femoral vein. At v Vj opposite tho 
vAlvos, tho thrombus is softened. (Virehow.) 

the inner surface of arteries; portions of new growths, as 
carcinoma, which having perforated the vessels, have 
been carried away by the current ; parasites which have 
made their way* into tho interior of vessels ; 'fluid fat 
which has escaped from the fat-cells and entered ruptured 
blood-vessels,, such as occasionally occurs in fractures of 
bone, &p. ; pigment granules, and other substances, may 
all constitute emboli. . • 

The emboli become arrested* in the first vessels they 
meet with which arc too small to allow them to pass: 
the size of the vessel will consequently depend mpon the 
size of the embolus. They are. often so minute that they 
pass into aild become impacted in thdA^mallost capillaries. 
The seat of impaction is usually at the bifurcation of the 
vessel, or, where, from the giving off of branches, tho 
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calibre is d\minisbing rapidly. (See Fig. 6(f.) Thus 
emboli originating in the systemic veins or in the right 
cardiac cavities, wHl most commonly become arrested, in ' 
the vessels of the lungs ; those originating in the arteries, 
the left cardiac cavities', or the pulmenaJy veins — in the 
systemic ai'terl^s and capillaries, especially in those of 
the spleetf, kidneys, and brain ; and those originating in 
the portal venous system — ^in the hejiatio branches of the 
portal vein. In some cases, however, the smallest emboli 
liiay pass through the capillaries of the lungs and become 
arrested in those of the kidney, spleen, or other brgans. 
Thus, with the exception of emboli originating in the 
portal vessels, the seat of arrest is the arteries or 
capillaries. 

The emboli arc usually carried in the direction of the 
main current ; henc(3 those carried by the aortic stream 
more commonly ])ass into the thoracic ■ aorta than into 
the carotid and subclavian vessels, and into the loft carotid , 
and renal artery than into the corresponding arteries of 
the dppasito side. Gravitation also influences the direc- 
tion in which they are carried, especially those of largo 
size, which move somewhat more slowly^ than the blood- 
stream. Owing to this they are more common in the 
lower lobes and posterior parts of the lungs than in the 
superior and anterior portions of these organs. > 

The embolus, when arrested, may .either completely or 
only partially fill tlie cavity of the vessel. If, as is fre- 
quently the case, the arrest takes place at a point of 
bifurcation, the embolus may partially fill both branches, 
allowing a small stream of blood to pass. This may 
break off portions of it, and so cause secondary emboli, 
which become impacted in more distant vessels. The 
amount of obstruction which immediately .follows* the 
aryest will partly depend upon the nature of the Qmbolus 
itself. If the embolus be from a soft, recently formed 
thrombus, it will ijapt itself to the cavity of the vessel, 
and so completely occlude it. ' If, on the other Jiiand, it is 
irregular in shape and firm in consistence, as when derived 
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from a calcified cardiac vegetation, it may not fill tlio 
vessel, but allow a small currerft of blood to pass it. 

Tho arrest of the embolus, and the consequent obstruc- 
tion to the circulation, is followed by the formation of 
thrombi behind and in front of it, which extend as far as 

Fio. 69. * 



TCwMits impactetf at the nifurcntUm of a Branch 
of the l^ibnonarj/ Artery. — ^Sliowing tlio fomiati^)n 
of thrombi brhinil anci iti front of it, ancl tho ex- 
tensiim of thoso as far as tho ontranco of the next 
collateral vessels. E, Em bolus, t Tlirombi.' 
(Virchow,) 

the entrance of the first large collateral vessels. (Fig. 69.) 
If the embolus does not completely fill the vessel, coagulum 
is deposited in successive layers upon its surface until the 
occlusion of the vessel is complete, and then the secondary 
thrombus extends, as in, the former case, until it mpets , 
with a*current of blood strong enough to arrest its pro- 
gress. If the embolus is a portion of a soft thrombus,, it 
will in most eases be impossible to distinguish it fi:om the 
secondary thrombus which surrounds it. IF, however, it 
is a calcareous mass,, or a portion of an old thrombus, 
it may usually be distinguished from the more recent 
secondary ''coagulum . 

Emboli may, in rare cases, becopie absorbed. Iliey 
may also, when derived from thrombi, become organised 
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(W soften. . The changes in the secondary thrombi are 
similar to those already ‘described as occurring in the 
primary — comprising adhesion to the wall of * the vessel, 
softening, and organisation. p 

Hksults. — The results of embolism are of two hinds — 
those depending upon the mechanical obstruction to the 
circulation, and those produced by the irritating or in- 
fective properties of the emboli themselves. . 

Chan(/C8 ill the Obstructed Vessels , — ^The first series of 
changes are those occurring in the walls of the.vesscT 
%vithiii which the embolus becomes arrested.. These 
changes dei)eiad upon the mechanical and physiological 
properties of the ouibolns. If the cmbo\us possesses no . 
infective properties, being derived from a source where no 
septic changes are taking place, it, together with the 
thrombus which it cause}? to form around and beyond 
it, usually becomes organised or reabsorbed, and the 
walls of the vessel l^ecomc more or less thickened. Or, if 
'the embolus has *rough‘ surfaces, as when derived from a 
calcareous vegetation in the heart, it may produce some ‘ 
inflammation of the vessel. When, on the other hand, 
the embolus ^is impregnated with septic pus, or with 
other putrid inflammatory products, it causes an inflam- 
mation and slougliing of the walls of the vessel within 
which it is impacted, which may extend for some distance 
into, the surrounding tissues, precisely similar to what has 
been already described as occurring in the walls of, a vein 
which contains a puriform thrombus. 

The vessels also undergo important changes as the 
result of deprivation of arterial blood. Owing to these 
changes, which have been already describe^ in the chap- 
ter on. Local Anaemia, the vessels lose their power of 
retaining -the blood, allowing the liquor sanguinis and 
blood corpuscles to escape, and ultimately *fchey become 
necrotic and rupture. (See Hmmorrhagic infarction.”) 

Allusion must bevmade here to embolism as^ cause of 
aneurism. That aneurisms, especially .of th^ cerebral 
arteries in young people, are often due to emholism is 
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now pretty generally admitted by pathologists. WitJj.’ 
regard to the mode in which the embolus causes dilata- 
tion of the artery, although this may ^iffer in different 
cases, an injuijous influence of the embolus upon the 
walls of the artery, and a consequent inflammatory 
softening of the vessel, is probably the most common 
condition. *** • ' • 

Changes in the Organ , — Important changes take place 
in the . organ or tissue, the vessels gf which have become 
plugged by the embolus. The first effect of the plugging 
of a vessel by an embolus, is the arrest of the fcirculation 
through it, and if the vessel be the main nutrient gr 
functional 'artery, this is followed by the sudden cessa- 
tion of the function and nutrition of the part. Thus, 
plugging of one of the larger arteries in the brain is fol- 
lowed by sudden loss of conscigusness and paralysis 
(apoplexy) ; plugging of the pulmonary artery, by sudden 
asphyxia; and of the coronary arteries, by siidden 
jiaralysis of the heart. The subsequent changes will 
depend upon the structure of the organ, the arrangement 
of its vessels, the facility witli which a collateral circula- 
tion can be- established, and, thp nature of the embolus. 
If the. circulatioij be quickly restored by the collateral 
vessels, a sufficient arterial anastomosis being established, 
behind the obstructed artery, the part recovers itself 
without undergoing any structural change, and its nutri- 
tion *and functions are restored. If, however, this is not 
the case, the .vessels and surrounding tissues may ulti- 
mately lose their vitality. 'Fhe interference with the err- 
culation is partly due to the thrombosis which occurs 
around the impacted embolus. The organs in which the 
arrangement of the blood-vessels is such that the circu- 
lation cannot be readily' restored by the anastomosing 
vessels, and consequently those in which necrotiQ changes 
most copomonly result from embolism, are the spleen, the 
^ kidneys, the lungs, the brain, and th^ retina, (Fig. 70.) 
These .arteries with which anastomoses do not exist 
are called1i>y Colinheim, as already stated, terminal 
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lyteries (see “ Local AnjBinia.”) The area of tissue from 
which the supply of blood has been cut off is usually 
surrounded by a zpne of intense ‘hyperaBmia, which results 
from the stress which is thrown upon the collateral 

•Fio. 70. 



Embolic Kidney , — From a caso of anonrism of tlio abdo- 
minal aorta. Numorous .small yellowish- whito patches wore' 
seen scathircd through tho cortices of the orgaus, x 200. 


vessels. Th(} zone of hypersemia is very characteristic, 
and indicates at once the nature of the lesion. 

Whon^ owing to the absence of sufficient arterial 
anastomosis (When terminal arteries arc blocked), the 
circulation cannot be restored, the vessels in the embolic 
area become so much altered that exudation, emigration, 
a.nd haemorrhage may take place, and thus may be pro- 
duced a tract of tissue within which the circulation has 
become arrested, and which is more or less extensively 
infiltrated witlf* blood. This is known as a hqim'orrhagio 
infarct. These haemorrhagic infarcts are very frequently * 
met with, especially in the lungs, spleeni^and kidneys. 
They are blackish-red,- firm masses of consolidation, and 
owing to the distrjbution .of the .blood-vessels they are ^ 
usually wedge-shaped, the apex of the cone'being towards * 
the centrer of the organ. The more cpmplete the obstruct 
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tion and the more vascalar the tisane, the greater is t^e 
amount of infarction, and the more rapid is the soften- 
ing and disintegration that ensues, (^ig. 71.) 

Fid. 7U 



Diagram of a Hccmorrhagic Infarct. — a. Artery obliterated 
bj-^ ail embolus («-). i\ Vein filled with a secondary throm- 
bus (t/t). 1. Centre of infarct which is becoiiiiutij disin- 

tofrnited. 2. Area of extravasation. 3. Area of collatoml 
hyperaemia. (0. Weber). 

This vascular engorgement of the embolic area was for- 
merly supposed to be due to the increased stlress which is 
thrown on the collateral- vessels. The investigations of 
Cohnheim, however, already alluded to, show that it is 
jreally mainly owing to the fact that when the force of the 
blood-stream in the artery is annihilated by the impac-* 
tion of the embolus, there is a backward pressure and 
•regurgitation from the veins into the capiUariea, so that 
there is produced considerable venous engorgement of the 
last-named vessels* The vitality of the vessels gradually 
becoming so ijiiuch impaired that they are unable to re-* 
tain the blood, this escapes into the tissues. (See “ Local 
Anaemia.”) The infarction consequ^tly does, not oceur 
immediately after the impaction of tne embolus, but only 
after the lapse of a certain time. 
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^ Tlie subsequent changes which take place in the infarct 
depend upon its size^ upon the extent to’ which the circu- 
lation in it is inter,fered with, and upon the nature of .the 
embolus which caused the infarction. If the infarct is 
small and the embolus possesses no septic properties, 
the coagulated blood may gradually .become decolorised, 
and the njasa undergo a gradual process of absorption. 
I’he infarct then changes from a ^ark red to a brown or 
yellow tint, its more external •portions become organised 
into connective tissue, and the whole gradually contracts, 
imtU ultimately a cicatrix may bo all- that remains to 
indicate the change, if, however, the infarction is conr 
sidenible, tlie central portions may undergo a certain 
amount of molecular disiutegration and softening. • This 
may subsequently dry up and become e;ncapsuled. In all 
these secondary changes which take place in the infarct, 
its moat external portions are surrounded by a red zone 
of hypera:5inic tissue. This is exceedingly characteristic. 

If an embolus possesses septic properties, as when it ^s 
derived from a part where putrefactive inflammatory 
changes are going on, it sets up similar inflammatory 
processes both in the vessel witliiu which it becomes 
impactfed, and also in the surrounding tissues. These 
septic inflammatory changes lead to the formation of 
abscesses, which arc known as emholic or metastatic 
abscesses. The formation of the abscess may bo associated 
with more or less infarction and necrosis of the embolic 
area. Colonies of bacteria are almost invariably found 
in these abscesses, and it is to the presence of these 
organisms that the infective properties of the embolus are 
probably due. This subject will bo considered further in 
the chapter on “ Septiemmia and Pyaemia.” 


TUROMBOSIS AND EMDOLISNC OF THB BBA^N. 

Thrombosis and embolism are the most cozhmon causes 
of cerebral softening. 

hojtening from Thrombosis, — This, is commonly the 
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result of atlieromatfius, calcareous, or sypliiliiic changes 
in the cerebral arteries. Such changes cause a diminutiAi 
in the lumen or a ro^ighening of the internal surface of 
the vessels, imjDair tlu^ir elasticity and contractility, and 
so favour the occurrence of thrombosis. As a result of 
the interference with the supply of blood, tho cerebral sub- 
stance undergoes a more or less rapid process of necrosis, 
such as has been alreavly described. (See “ Cerebral 
Softening.”) The softened portions,* when recent, and 
when the obstruction is rapidly induced, are often of a 
reddish colour, aUhough with ago they gradually become 
decolorised. In the more gradually induced obstructions 
the colour of tho softened tissue is usually white. 

Softening from Emholism . — The softening resulting 
from embolism is, for the most part, entirely dependent 
upon the obstruction to the circulation caused by tlie 
embolus and'by the resulting thrombosis. It is nipidly 
induced and is often attended by tho extravasation of 
blood, when it constitutes one form of acute rod soften- 
ing. If the interference with tho circulation bo slight, 
there may be no extravasation of blood and the process 
of disintegration may be more gradual, so that . the 
softened portions are white in colour, and tho condition 
then more resembles the chronic white softening already 
described as resulting from degeneration of the cerebral 
blood-vessels. (See “ Cerebral 8ofteniug.”) The softened 
tissue will also be white in colour wliou one of the large 
vessels is obstructed, so that a large portion of’ one hemi- 
sphere loses its vitality. Tho vessel most frequently 
blocked is tho middle cerebral artery, in some part of its 
course ; and in the majority of cases it is that of the left 
side. In almost all cases in which softening of the cere- 
bral substance results from embolism, the embolus is 
arrested in one of the vessels beyond tho circle of Willis, 
because here the circulation cannot be readily restored by 
the collateral vessels. ^ * 

When the interference with the ciA^ulation is attended 
by vascular engorgement and extravasation of blood, tho 
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softened portion, in the early stage, if eitlier of a uniform' 
(fsirk-red colour, or presents numerous red haemorrhagic 
])oints. .The softening is most marked in the centre, 
whilst the hyperannia and redness may extend for some 
distance around it. Under the microscope, the softened 
portion is seen to consist of broken-down nerve fibres, 

* altered’ blood-corpusclcs, granules of fat, and the large 
granular corpuscles iilrcadv desgribed. (See Pig. 15.) The 
surrounding capillaries arc dilated and filled with coagula, 
and the granular corpuscles envelop their walls. In a 
more advanced stage all trace of nervous structure is lost, 
the softciled mass becomes decolorised, and pasges from a 
dark-red colour to a chocolate, brown, yellow, or even 
white. It may liquely and form a cyst ; more commonly, 
liowover, it gradually dries up, and a process of repair 

• takes ])la(‘o by the growth of the surrounding neuroglia, 

wliic.h forms a fibrous net-work in the place of the softened 
tissue. Tins contracts, and nltimatgly a cicatrix with 
Inrmatioidin crystals may bo all that remains. * • 

Jlcd softoiiirig from embolism is often very difficult -to 
distinguish in the post-mortem room from that which 
r4\sults from thrombosis. 
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LEUK^liMTA. 

LEUK;EMrA, or leucocythfomia, is a disease characterised 
by a considerable and permanent increase in the number 
of white corpuscles of thQ«blood, by a diminution in the 
number of the red corpuscles, and by cuiTargement of 
some of the lymphatic organs. The lymphatic organ 
most frequently involved is the spleen. This is enlarged 
in the great majority of cases (Splenic Lcukmmia). • Tlio 
enlavgemont of the S[)leeu is sometimes associated with 
enlargement of the lymphatic glands, and sometimes, 
although much less frequently, with an increase in the 
medulla of bones. In rare cases the lymphatic glapds 
only are involved (Lyini)hatic Leukmmia), and cases have 
been described by Neumann and others in which the 
osseous medulla was principally affected. In most cases 
of leukijemia an overgrowth of lymphatic tissue in other 
organs occurs sooner or later in the. course of the 
disease. 

. Tjeiicocijtosh.-^BQioxQ proceeding with ihe consider- 
ation of leukaemia it will be well to allude briefly to that 
slight and temporary increa.se in the number of white 
blood-corpuscles which has been termed “ leucocytosis.” 
This differs essentially from leukmmia in this rospept, that 
the increase in the number of while corpuscles is only tem- 
porary,- and is not necessarily associated with any diminu- 
tion in the number of the red. Further — ^the increase is 
never nearly so great as in leukrom^, rarely more’than 
forty or fifty being seen in the quarter-inch" field of the 
mfcroscope. 

E 2 
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, Such slight anil temporary increase in the number of 
white.blood-corpuscles occurs in many conditions. Physio- 
logically, it occura after a meal, and in the latter months 
of pregnancy. In many of tlio acute pyresial diseases, 
es])ecially in those in which there is acute swelling of 
lymphatic structures, as in tyi^hoid and scarlet-fever, 
and in scj^ticami ia, there is often a marked excess of white 
corpuscles. . After largedosscs of blood also, there is an 
increase. These conditions arc only temporary, and do 
not aj^pear to interfere either with the circulation or with 
flic general health. 

PA'riiuujUY. — Thex>Jiihology of leukaemia is still exceed- 
ingly obscure, and will probgjaly. remain so until our 
knowledge of the physiology of the blood and ‘tlio origin 
and fate of the blood -corpuscles is more complete. 
Physiologically, we know that the white corpuscles 
originate in the lymphatic oi’gaiis, from which they pass 
into the blood, eitlicr directly or through the lymphatic 
vessels ; and it is now generally believed that the red 
corpuscles original c from the white, the latter being 
trausfonued mainly in the spleen. Owing to the enlarge- 
ment of OHO or mure of the lymphatic organs which 
always exists in leiikjomia, it has Ik'ou supposed that the 
increase in the number of the while corpuscles which 
characterises tlio disease is due to their excessive produc- 
tion by th(} enlarged organs; such as occurs in some cases 
of Icucocytosis. Inasmuch, however, as there is not only 
an increase in the nnmher of >vhite, but.a diminution in 
the number of red, this hypotiiesis iji insufficient to 
account for the blood change. Further— lymphatic organs 
may become enormously enlarged without the production 
of any leukicmia. ' This occurs, for example, notably in 
the spleen in Siilenk Anwinia, which disease, with the 
exception ot the increase in white ^blood-corpuscles, is 
precisely similar to leukaemia; and also in the •lymphatic 
glands in Hodgkin’s disease. Although, as already stated, 
the subject is still involved in much obscurity, the view 
•proijiulgated by Virchow more than twenty years ago 
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accounts ihost satisfactorily for the bloccl change : — it ft 
that the normal transformation of white corpuscles into 
red is imperfectly performed, so that not only is the 
number of whited increased, but that of the red diniiuishcd. 
It is probable that this diminished transformation of the 
wliito coqmsoles is the most important element in nn:)st 
cases of -lenkminia, although it may bo associaiefli with an 
increased production. Roth the diminished transfor- 
mation and the increased production take’ place in the 

Em. 72. 


Leuko’mic Plootl . — From a young mau 
aged twt‘uty-four, witlu oiioniious cn- 
layjemont ot tJm splocn. x 2U0. 

enlarged lym])hatie organs, and all wo can say at present 
in explanation of the process is, that the function of on© 
or more of these, organs is imperfectly performed. Th© 
enlargement of the lymphatic organs is with little doubt 
.due to new growth ,^arid not, as has been suggested by 
some; simply to the acciimnlation within them of the 
white corpuBclcs'which exist in such large numbers in the 
blood. 

Histology. — Bhoit — The diminution in the number of 
white* corpuscles varies very considerably in different 
cases. A proportion of one white to ten red* is quite 
eommon, and often there are ’as. many as one to three. 
(Fig. 72.) This incarease gives to the blood a*paler and 
more opaque appearance than natural. ■ In ,the earlier 
stages of the disease the proportion^ may not be more 
than one to twenty oif forty. Tho white corpuscles some- 
times resemble the natural ones, but often they are some- 
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larger and •more granular. This is especially the 
case in splenic leiikajmia, whereas when the lymphatic 
glands are principally affected, many of the corpuscles are 
usually smaller than natural. Some o^ them are often 
more or less fattily degenerated. 

The led corpuscles, like the white, vary in the diminu- 
tion of fiieir number. ‘They may be reduced to one 
half or a cpjarter the normal. They are usually natural 
ill appearance; but sometimes they are distinctly paler 
than in health. Occasionally they appear to be unusually 
soft, and exhibit a tendency to stick together instead* of 
forming the natural rouleaux, in a case of aplcuic 

* . Eig. 7:3. 



/tfood from a rfts/n of Splenic Amvmin . — From a, 
man wltli great enlargement of the* 
silicon. X 20U. 

anmrnia recently under ray care these 'characters were 
especially marked. (Fig. 73.) The diminutiph in the. 
number and the impairment of the quality of the red 
corpuscles, which exists not only in leukaemia but in most 
cases ol great .splenic enlargement, acconnts for the 
amemia which exibts in tlmse conditions. In addition to 
the red and white ‘corpuscles, Klehs and others have 
found nucleated red corpuscles in leukmmic blood ; and 
minute, colourless, octohedral crystals of an albuminous 
character have beeT% discovered by Charcot and Zenker in 
the blood and certain organs. The coagulating power of 
the blood in leukaemia is n;uch. diminished, and when the 
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liquid is allowed to stand tho white corpuscles form •a 
creamy layer upon its surface. 

Sjileen . — In this, which is much the most iinportaiit 
organ in the fjroduction of leukjjemia. the change is 
characterisecl mainly by increased growth. Tho organ 
becomes enlarged, and iisually enormously so. The 
enlargement is* uniform, so that tho shape of ihb organ ivS 
but little altered. . The caj^sule is often thickened, and 
there are usually adhesions with the adjacent viscera. 
The consistence in the later stages is commonly distinctly 
firmer than natural. The cut surface is smooth, of a 
greyish or brownish -red colour, and thickened trabeculie 
can often be seen marking it as whitish lines. The 
Malpighian corpuscles, although they may bo slightly 
enlarged in the earlier stages of the disease, are seldom 
prominent, and they are often not visible when the splenic 
enlargement is advanced. In exceptional cases, however, 
iind especially when the lymphatic gland. s are involved, 
they may form prominent growths. Sometimes wedge- 
shaped masses of a dark red or reddish-yellow colour are 
seen near the surface of tho organ, ^licse arc probably 
infarctions of embolic origin. 

When the spleen is examined microscopically, its struc- 
ture is found to be but little altered, the enlargement 
being due mainly to an increase of the splenic pulp. The 
trabecular tissue is also increased 'and thickened, and 
becomes increasingly so 'as the splenic enlargement 
advances. The Malpighian corpuscles are but little in- 
creased in size, and sometimes they arc atrophied. 

Lymphatic Glands . — Tho enlargement of the lymphatic 
glands is much less in splenic Icukumiia than in thyse cases 
in which the glands are primarily and principally affected. 
In splenic leukaemia one or more groups of glands are 
slightly enlarged in about one-third of the cases. The 
glands are rarely increased in consistence, and are usually 
freely movable. On section they a;e of a greyish-red 
colour, often naottled with haemorrhages. Micrdscopically, 
the enlarged glands present a normal structure. 
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•In some cases this excessive development of lyrAphatic 
stmcturca takes place in other parts. The follicles ■ of 
the infftsflhfi, and the mcdidhi of honCf arc those most 
commonly involved. In .the intestines, tSc follicles may 
hecome so much enlarged as to form distinct projections 
from the mucous membrane, although this is less 
common ^.han in ‘ Hodgkin’s disease. ' 'The enlarged 
follicles may also ulcerate. The medulla of bones is 
occasionally increased, and, as already stfited, cases liavo 
been described in which this tissue was primarily and 
principally affected. It is increased in quantity and 
altered iii quality. It is u.sually softer than natural, and 
of a greyish or greyish-yellow colour. Microsco]>ically, 
the fat c('lLs are .seen to be replaced to a great extent by 
lymphoid olem(>uts. 

In the course of Ibc disease a now growth of lymphatic 
tissue or an infiltration with lymphatic elements usually 
takes place in non-lymphatic structures, principally in, 
tlu» liver and kidneys, less frequently iu the lungs and 
muscle. The new growth in these organs sometimes, 
forms distinct tuinoprs, but much more commonly exists 
as an infiltration. How far these lymphoid growths 
arc the result of a liyj^cridasia of the cells in the inter- 
stitial tissue of the organ iu which they are situated, and 
how fill* an emigration of the leucocytes, which exist in 
such largo numbers in the blood, takes part in their 
formation, is unknown. The former, however, is probably 
the most important fixetor in the process.* * 

The organ which is most frequently affected is the 
Ilvcir. Hero the vessels generally are enlarged and dis- 
tended xyith white blood-corpusclesi AccuiAulationn of 
corpuscles and lymphoid tissue are seen between' the acini, 
and . extending along. the intercellular network into the 
acini themselves, so that the lobules are sometiipes 
seen to bo clearly mapped out by a greyish-white inter- 
lobular infiltration^ As this increases, the .liver-cells 
become compres'sed and atrophy, until ultimately the 
lobules may be replaced entirely by it. Associated with 
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this infiltration there is nsnally a formation of* snnjil, 
round, whitish lymphoid nodules, somewhat rescmbliuir 
prey tuberclesv These also are situated in tho.intcrlobular 
tissue. Owing to these changes, the* liver becomes very 
considerably increased in size. 

In .the h'if^avys, which are also frequently affected, tho 
change is vsimilar to that in the liver. Hero also it con- 
flists for the most part in an infiltr^ition, with which may 
be associated the formation of roundish nodules and 
masses. 



CHAPTER XXIX. 

INFLAMMATION. 

The morhid processes whicli have thus far heen described 
have been characterised mainly by alterations in the 
nutritive activity of the histolof^ical elements of the 
tissues ; or by changes in the circulation, or in the blood. 
In injlfnninutlou some alteration in the walla of the blood- 
vessels appears to bo the essential part of the process. * 

^ Inflammation may be defined to be the succession of 
changes which tabes place in a living tissue as the result 
of some kind of injury, pro\nded, that this injury be in- 
suflicient immediately to destroy its vitality. With re- 
gard to the nature of the injury— it may consist in some 
direct damage to the tissue, either by mechanical or 
chemical agents, or by substances conveyed to it by means 
of the blood-vessels or lymphatics ; or the injury may be 
indirect, as in some cases of inflammation of internal 
organs arising from exposure to cold. In all cases, how- 
ever, some injury of the tissue — an injury which impairs, 
and if of sufficient intensity would destroy, its vitality — 
precedes the occurence of the local changes which con- 
stitute the inflammatory process. 

The exact nature of these change^ has, for the moat 
part, been ascertained during the past twelve years, 
mainly owing to the experimental researches of Professors 
Cohuheim, Strieker, and Burden Sanderson. The method 
of investigation has consisted in the artificial prdduction. 
of inflammation in the lower animals, and the obser- 
vatioli-of the process as thus induced. The process 
comprises — 
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1st. GJmfitjfis hi the blood-vessels and circulation, 

2nd. Etvadation of liquor sanguinis and migration of 
hlood-cor 2 >us(jes ; and - * 

3rd. Alter^ions in the nutrition of the w flamed tissue , — 
It will He well, in the first place, to consider each of 
these separately, in the order in which they occur, and 
subsequently to endeavour to point out how far a causal 
relation exists between them. 

I. Citato GK s in tiik Blood-Yessels and Cijiculation.— 
Changes in the blood-vessels and circulation, resulting in 
increased vascularity, have ever been regarded as playing 
a most im] 3 oftant part in inflanimation, as upon them 
principally depend those signs of the process which are 
most obvious during life. The redness, heat, and swell- 
injj, which are so constantly met with in in llamed tissues, 
are in great measure .duo to the attendant hypermniia. 
The swelling, however, is in most cases dependent rather 
upon the effusion than upon the over-fulness of the blood- 
vessels. , 

These changes in the blood-vessels and circulation arp 
essential constituents of iiillarnination, both in vasculus 
and in non-vascular tissues. In the latter, which com- 
prise the cornea and cartilage, they takg place in the 
adjacent vessels from which these tissues derive their 
nutritive supply. Tlie nature of these vascular phanges 
has been studied by the artificial production of inflamma- 
tion in transparent tissues, in which the circulation can be 
readily observed; the web, mesentery,. and tongue of the 
frog, and the wing of^the bat, being most convenient for 
this purpose. The phenomena, as observed in the mesen- 
.tery of the frog, which* has been previously curarised, 
nfay be thus briefly described ; — 

The first effect of injury of. the mesentery— mere ex- 
posure to the air being ’sufficient for the purpose— is to 
cause diiaiation of the arteries, ahd after some interval 
a similar dilatation of the veins and capillaries. The 
dilatation of the arteries commenc(^8 at once, and is not 
preceded by any contraction. .It gradually increases for 



25a 


INFLiUrMATtON. 


ab^ut twelve hours, and is accompanied also by an in- 
crease in the len;:<th of the vosscle, so that they become 
•more or loss tortuous. This. cnlar;,^ement aF the blood- 
vessels is associated at the commencement w the process 
witji an (urd(imtio}i in the flow of blood; this' however, 
rarely lasts more than an hour, and is followed by a 
considerablo rohmhiilon in the circulation, the vessels 
still remainiiii^ dilate*!. These altbratifms in the rapidity 
of the blood-flow cannot be owing to the increase in the 
calibre of the vessels, which remain throughout dilated. 

It ho!s, however, long been known that the acceleration * 
of thi'. blood- (low in an injured part —the so-calle«l deter- 
7ainallon*o{ blood, which was so correctly described more 
than thirl y years ago by Dr. 0. J. D. Williajns, is not 
necessarily followed by retardation. Tt may gradually 
subside without retardation or ony of the essential phe- 
nomena of inflammation taking place. OoUnheim has 
consequently stated in his more recent researches on 
inllarainaiiou, that the dilatation of the vessels and the 
increased velocity of the blood-current which ensue 
immediately iiftor the infliction of the injury are only 
temporary and accidental. They may oven, in some cases, 
be followed by contraction before the permanent dilatation 
commences. The permanent dilatation and diminished 
velocity, on the other hand, come on slowly and are per- 
manent, and these must be regarded as the proper vascu- 
lar phenomena of inflammation* These proper pheno- 
mena may be induced without the previous occurrence of 
the accidental ones.* 

Eeturjiing to the observation of the frog’s mesentery — 
the retardation of the circulation in the dilated vessels is • 
som'etimes seen to .take place’ somewhat suddenly, and 
it is usually first observable on the venous side of 
the capillary network. As the blood-stream becomes 
slower, the white 'corpuscles, which naturally tpnd 

• “ Neno Untersuchungon ttbor die Entzttnduug,” Cohuheim, 
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to move sJowly alonj? the sides of the veins, fTradn.-^ly 
accumulate in tliese vessels, and ^ ultimately they 
may nearly 4ill thorn. The red corpuscles also ac-' 
cumulate, h|^ more especially in the capillaries; and 
thus the Veins and capillaries become filled with 
corpuscles. The circulation becomes slower and slower 
until in many ot* the vessels the blood almost completely 
stagnates, and the acdttmulatcd corpuscles oscillate 
sliglitly to and fro with the cardiac systole. This stagna- 
tion of the circulation iij the dilated vessels constitutes 
the condition known as iiijlammatory stttsis, "Whilst 
these changes are taking place, the mesentery gradually • 
becomes increasingly obscured by small cell forms. 
These are white corpuscles which have emigrated from 
the vessels. The phenomena of emigration will be con- 
sidered subsequently. 

IT. Exudation of Liquor Sanguinis and Migration 
OF BLOOD-CoHFUSCLiis. — Another constituent of the in- 
flammatory ]irocess consists in the exudation of the 
liquor sanguinis and the migration of the blood-cor- 
puscles. 

«. MigmtUm of lUood' Corpuscles . — The migration of 
the white blood-corpuscles (leucocytes) through the walls 
of the blopd-ves.sels was first described, although very in- 
completely, by Dr. W. Addison in 184*2.* This observer 
stated as the result of his researches# that in inilamrna- 
tion these corpuscles adhered to the walls of the vessels 
and passed through them into the Surrounding tissues. 
In 1846, Dr. Augustus Waller described more fully ’the 
same phenomenon, and from his description there can be 
little doubt that he’ ‘actually observed the emigration 
of corpuscles.t * Both these observers concluded that 
the escaped blood-corpuscles bpcame pus-corpuscles. 
Their observations, however, were but little thought of 
and wei^S soon forgotten, and it was not until 1867, when 

' • Experimontal aud Practical BcscaAihes on Inflammation.” 
Tram,' Fi'ov. ATed. Asmdatimif 1812. 

t Phil. Magazine, vol, xxix. 1846, 
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sii^ilar investifjations were iustitifted quite independently 
by Professor Cohnhcini, in Berlin — to whose minute re- 

• searches wc must ascribe most of our preaint knowledge 
on this subject — that the emigration of bKod-corpuacles 
came to occupy an important place in the pathology of 
inflammation.** 

The emigration may be observed in the mesentery of 
a frog which has previousl}^ been paralysed by the sub- 
cutaneous iujectioii of curare.* The changes in the 
blood-vessels and in the circulation, and the acciimula- 
‘ tion of blooM-corpusclos in the i>avt, have been already 

• describtjd ; it remains only to consider the pheiioiuena of 
emigration. 

The white blood -corpuscles (leucocytes) which have 
accumulated in large uuinbcrs, especially in the veins, 
remain almost stationary against the walls of the vessel, 
the hlood-current aiul red corpuscles j)assing by them, 
although with much diminished velocity.. Those im- 
inediatcly,adjacont to the wall gni, dually sink into it, and 
pass through it into the surrounding tissue. In doing 
so they may be observed in the various stages of their 
passage. At first small button-shaped elevations are 
seen springing from Uic outer wall of the vessel. These 
gradually increase until they assume the foriit of pear- 
shaped bodies, which still adhere by their small ends to 
the vascular wall. Ultimately the small pedicle of pro- 
toplasm by which they are attached gives way and the 
passage is complete, i:he corpuscles remaining free outside 
^ the* vessel. A simuar emigration takes place, but to a 
less extent, from the capillaries. From the last-named 
vessels, liowever, the red corpuscles also escape although 
in fewer numbers ; whilst from the arteries no emigration 
occurs. The escaped corpuscles are continuously replaced 
by fresh on^s, and as the process proceeds the vessels 


* “tJeber EntzUndung und Eiterung:” Virchow's ^^Archiv," 

vol. xl. 



INFLAMMATION. 


255 


become obscured by the leucocytes which surround them. 
In those portions of the inflamed tissue where absolute 
stasis has occurred no emigration takes place. 

These pRenmena can perhaps be better studied in a 
more localkefl inflammatory process, such as may be 
produced by the application of some injurious agent — a 
small piece of nitrate of silver, for example — to the 
tongue of the frog. Hero, to quote from Cohnheira, in 
the most central portion of the inflamed area -vtliat which 
is the most injured, there is absolute stasis, the blood 
usually coagulates, and no emigration takes place. This 
is due to the vitality of the vessels being completely 
destroyed by the injurious agent. (Sec “ Thrombosis.”) 
Outside this there is an area in which the blood is circu- 
lating very slowly, the capillaries are filled with red cor- 
puscles, many of which escape ; whilst more externally 
still, is an area in which the blood is less stagnant, and, 
abundant emigration is taking place, the white corpuscles 
escaping from the veins and capillaries, the red from the 
capillaries alone. The central area, which usually dies, 
is thus surrounded by an enormous number of red and 
white corpuscles ; and the red corpuscles which have 
accumnlated in this area arc so closely packed that their 
outlinep can scarcely be distinguished. 

j8. Exudation of Liquor Sanguinis . — Associated with 
the passage of the blood -corpuscles through the walls of 
the vessels, is an exudation of the liquor sanguinis. Tho 
exuded liquor , ganguinis — which constitutes the well- 
known inflaminatonj effusion —differs "from the liquid 
which transudes as the result of increased pressure in the 
capillaries in mechanioal congestion. (See “ Mechanical 
HyperaBmia.”) It contains a larger proportion of albu- 
men, more phosphates and carbonates, and has a much 
greater tendency to coagulate. This latter property is 
mainly diie to the white blood-corpuscles which it con- 
tains. ' (See Thrombosis.’*) 

The most characteristic feature of»inflammatolry effu- 
sion is the large number of cell-structures which it con- 
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t^ins. The great majority of these arc the white corpus- 
cles which liave escaped from the vessels. A much 
smglier number are the escfipod red covmiscles. These 
are the most^ iniinerous in the more ai/crd forms of 
inflammation, wlicre they may give to “ftn* effusion a 
haemoiTliagic character. * Lastly, in inflammiitiou of cer^ 
tain. tissues, esp(‘ci«il]y ei)ithelial and endothelial struc- 
tures, some of the cells met with in the cifused liquid are 
derived from the prolif(iruting elements of the inflamed 
tis'sue. The proportion of celhi varies wi^i the intensity 
and with the stage oC the inflammation. The more 
intense the process the more abundant the emigration, 
and hence the more richly cellnhir the effusion. With 
regard to the stage of llic inilamiuaiion — it m[iy be sfatod 
generally that eniigration is more abundant in the later 
than in tlic earlier periods, so that in the latter the effusion 
may bo an almost clear liquid. 

Tile prominoMco of elfnsion or exudation as a con- 
stituent part of' the inilamniatorv process will vary con- 
siderably according to tlie nature and anatomical charac- 
ter of the tissue inflamed. In non- vascular tissues, as 
cartilage and the cornea, exudation can only occur from 
the neighbouring vessels, and hence the effusion is found 
outside the part. In dense organs, as the liver, testicles, 
and kidney, owing to the compactness of the structure, 
a large amount of effusion is impossible, and what there 
is, is so intermingled with the structural elements that it 
does not appear as an independent material, but simply 
causes some swelling of the organ. In the kidney it 
escapes into the urinary tubes, and so appears in the 
urine. The effusion is most abundant, and constitutes 
an importiint vmhlc constituent of the inflammatory pro- 
cess, in inflammation of those organs which possess a lax 
structuiti and in which the vessels are but little supported 
— as the lungs, and in tissues which present a„ free sur- 
face — as mucous and serous membranes. 

The absorption the lymphatics from an inflamed 
tissue has been shown experimentally to be .considerably 
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increased. This increased absorption, as in the case 
simple mechanical effusions, tends to prevent or to dimi- 
nish tho accuVnlation of liquid in the part. (See “ 3^1 e- 
chanical HyiAacmia.”) 

Til. Al/r A RATIONS IN TJIE NUTRITION OF TIIR In FLAMED 
Tissue. --The remaining constituent of the inflammatory 
]uocoss consists in alterations in the nutrition of' the 
elements of the inflamed tissue. 

Tho question as to how far the cellular elements of the 
tissue participate in the process of infhtinmatio]i is one 
which even in the present state of our knowledge, owing 
to the diflicnltica which beset the histological examination 
of inflamed structures, admits only of an incomplete 
answer. Tho subject has, for the most part, been inves- 
tigated in the lower animals, in which inflammation has 
bc(!n artificially induced. In man, tho stiuly of the 
primary changes is difficult, owing to the fact that thp 
process can rarely be observed in its earlier stages. These 
changes will bo more fully described when considering 
inflammations of particular organs and tissues; it will 
be suiricient in tho present place merely to indicate their 
general cha-raciers. 

The alterations in nutrition which accompany iiiflaui- 
rnatioii are in certa.in tissues characterised by an exalta- 
tion of the nutritive functions of some. of the cellular 
elements involved in the inflammatory process. This i.s 
evidenced by an increase in the activity of those elements 
which normally^ exhibit active movements, as the amcoboul 
cells of connective tissue and of the cornea. Cells, which 
under normal circnmstancea undergo no alterations* in 
form, and exhibit no active movements, become active — 
sending out processes, and undergoing various alterations 
in shape. (Fig. 74) This increase in tho activity, and 
variation in the form of the cells, is usually accompanied 
by the growth of their protoplasm, and frequently by its 
division, or by vacnolation and endogenous development, 
and thus by the formation of new c9lls. In many cases 
the protoplasm, as it increases in bulk, becomes cloudy 
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and granular, so mucL so as frequently to completely 
obscure any nuclei which it may contain. This ^ccurs 
especially in epithelial elements, and it ^'natitutes the 
condition known as “ cloudy swelling. is well seen 

in the glandular epithelium of the kidney ih- acute tubal 
nephritis. (See Figs. 117 and 118.) 

A few years ago the cells of nearly all^ tissues were 

believed to exhibittheso active changes in inflammation, 
and many of the young elements which abound in in- 
flamed parts were regarded as the products of their pro- 
liferation. 'As our methods of histological investigation 

Fig. 74. 


AmMd Umocytes, (v, Ibcklinghaiisei).) 

improve, however, and especially since the introduction of 
the chloride of gold process by Cohnheim, it has become 
increasingly obvious that the part which is played by the 
cells of the tissue in inflammation is much less than was 
formerly supposed; and that in most cases the young 
elements which infiltrate the inHamed structure are solely 
escaped leucocytes. 

The physiological peculiarities of the cellular elements 
appear to influence very considerably their liability to 
undergo these active changes in inflammation. The cells 
in which active changes undoubtedly occur are those 
which are nonnally active*, and in which growth and 
proliferation are associated with the maintenance of the 
tissue of which they are constituents. Such are epi- 
thelial elements. The activity of these is increased in 
the process of inflammation, and it is in iuflam^nation of 
the skin, of mucous membranes, and of glandular 
. structtires, that ccllu(|iar activity and proliferation are so 
constantly met with. The same is also true to a leas 
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extent of endothelium, as is exemplified in inflammatiojis 
of serous membranes. In those cells, on the other hand, 
in which norltally no active changes take place, as the * 
fixed cells of Ajounective tissue and of the cornea, and 
probably all^o those of cartilage, it is doubtful if any 
activity is manifested in inflammation. The age of the 
colls probably also influences their tendency to become 
active, the younger being less stable and more prone to 
proliferate than the older elements. 

Although the earlier alterations in the nutrition of the 
cellular elements are thus in some cases those of increased 
activity, the tissue changes in inflammation are, in the 
main, characterised by imijairment of nutrition. The 
well-known effect of inflatnmation is to injure the part 
affected by it. This injurious influence is due to several 
causes. The initial injury which produces the vascular 
phenomena must, in many cases, damage the tissue out- 
side the vessels before it can influence the vessels them- 
selves. The most important interfercnco with nutrition, 
however, is due to the stagnation of the circulation, and 
to the infiltration of the tissue Avith, the inflammatory 
products Avhich liave escaiAcd from the blood-vessels. 
(See ** Suppuration.”) If the inflammatory process be of 
considerable intensity and stasis be induced in a Avidc area 
of the tissue, the nutrition • may become completely 
arrested, and necrosis be the ultimate result. (»See 
“ Causes of Necrosis.”) In inflammations of less intensity, 
the destruction ^f the tissue is less marked, the young 
cells which infiltrate it may undergo fatty degeneration 
and become absorbed, and the part thus recover more or 
less completely its former condition. In other cases, 
especially in the less severe forms of inflammation, many 
of the young cells undergo progressive changes and lead 
to the development of a permanent tissue, which is, how- 
ever, for the most part, inferior in its organisation to 
the parent structure. (See '‘Terminations of Inflam- 
mation.*’) This tendency of the nc^ elements in inflam- 
mation to undergo progressive development will vary 
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with tlie tissue involved, and with the intensity of the 
inflammation. The more intense the iiifla.mmation, the 
more abortive are the young cells, and tl;sj less is their 
tendency to form a permanent tissue. (See “ Acute and 
Chronic Inflammations.”) 

In connective tissues, these changes in the cells are 
necessarily accompanied by changes in the intercellular 
substance, ''.□le latter are for the most part characterised 
by softening. In common connective tissue the fibres in 
the first ])l[ice become swollen and less distinct, and 
ultimately they are completely destroyed ; in cartilage 
the matrix sortons and licpiclics ; in bone, the lime-salts 
are removed, the lamellai disappear, and the osseous 
structure becomes converted into medullary tissue. Hence 
the destructive cilects of the inflammatory process. 


Having thus briefly described the succession of changes 
which occur in the j)rocess of inflammation, it remains 
to consider in what way these result from the injury of 
the tissue, and how far a causal relation subsists between 
them.* 

The first fipparent change which follows the injury of 
the tissue consists in the dilatation of the blood-vessels, 
and in an acceleration of the flow of blood. This accelera- 
tion of the circulation which, as has been said, does not 
invariably occur, is precisely similar to that which results 
from injury of a sensory nerve (see V Active ITyper- 
aiinia”) ; and in a previous edition of this work it was 
stated that the primary vascular phenomena in inflamma- 
tion were probably due to injury of the sensory nerves of 
the part, although such injury could not explain the sub- 
sequent and essential retardation of the blood-flow. The 

* Tho following conclusions are in the main those arrived at by 
rrof<"ssors Strieker and Bnrdon Sanderson. — Hotmts's Sy»tvm of 
SuiyiTjf, vol. v. See a^o Lectures on the “ Pathology of tho Pro- 
cess of luUammatioD,’' by Professor Sanderson.— Xancer, vol. i. 
1870. 



INFLAMMATION. 


2G1 


more recent investigations of Oohnheim, however, wlii^fh 
have been alwady quoted, render it necessary that this 
statement should be considerably modified. Cohnlieim ' 
produced precisely the same phenomena in the tongue of 
the frog after everything had been cut through with the 
exception of the lingual artery and vein, as those which 
occur in the intact animal ; and also, in another case, 
after comjdete destruction of the brain, medulla, and 
spinal cord ; and he considers that the vascular dilatation 
and accelerated blood-fiow are due to the direct 
tlucnce of the injurious agent upon the walJn of tlio blood- 
vcssolSf and are quite independent of nervous influence. 
Tliese experiments therefore appear to prove conclusively 
that the initial injur}'- of the blood-vessels is not neces- 
sarily reflex, although they do not exclude the possibility 
that it may be so under certain circumstances. 

The roinrdatiou of the blood-stream which so quickly 
succeeds its acceleration, the essential and soiiiotimes 
prim ary phenomenon of inflammation, differs so much from 
all non-iuflammatory forms of hypermmia, that its ex- 
planation has ever engp,ged the attention of pathologists. 
Abnormal couditibns of the blood, of the tissues, of the 
walls of the blood-vessels, and of innervation, have at 
different times been supposed to acccount for it, but it 
is now satisfactorily established that it is duo to some 
alteration in the properties of the walls of the blood- 
vessels through which the blood passes. That the re- 
tardation and •ultimate stagnation of the blood-stream 
in acute inflammation is duo to alterations in the walls of 
the blood-vessels and not to changes in the blood itself, 
was first shown by Mr. Lister.* Mr. Lister proved ex- 
perimentally that the blood removed from an inflamed 
part did not differ in the tendency of the red blood- 
corpuscles to cohere to one another from normal blood ; 
and he 'concluded that the. accumulation of the red 

# ~ 

‘‘On the Early Stages of Tram,^ 1858. 
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corpuscles in inflamed tissues, and their adhesion to one 
another and to the walls of the vessels, was <^wing to their 
• natural tendency to cohere together whei)^ in abnormal 
circumstances, such as occurs after their refejioval from the 
body ; and that this cohesion in inflammation which leads 
to stasis was duo to impaired vitality of the. walls of the 
olood-vessels. This conclusion of Mr. Lister has been 
verified by more recent investigations, llyncck has shown 
that stasis may be produced in the web of a frog, in 
which milk or defibrin ated blood has been injected in 
place of tho normal blood; and also that in vessels, the 
vitality of which has l>cen completely destroyed by the 
injection of poisonons metallic substances, no stasis can 
be produced.* 'fhe investigations of Prof. Oohnheim arc 
still more conclusive. Cohnheim ligatured the ear of a 
rabbit at its base with the exception of the median artery 
and vein, and emptied the vessels of their blood by tho 
injection of a weak saline solution. JTe then injected 
into the emptied vessels various irritating solutions, and 
on again allowing the blood to flow through tho thus 
injured vessels all the phenomena of inflammation 
eusued.f His experiments, already ' described when 
speaking of local aiuemia, the result of which was to 
show that if the circulation in any organ (as the ear of 
the rabbit) be completely arrested for a sufficient length 
of time by the simultaneous occlusion of the arteries and 
veins, and then the blood be again allowed to circulate, 
dilatation of the vessels, hypencinia, stagnation,, exuda- 
tion, and all the phenomena of inflammation take place 
in the part, also prove that an injury to the walls of the 
blood-vessels caused by depriving them, for some time, of 
arterial blood, is followed by retardation of the circulation 
and the subsequent phenomena of inflammation. ^ The 
results of these experiments appear to be conclusive, and 

• Rynock, ** Zur Kcuntniss der Staso des lllut^s in den Gofassen 
Entzlludftor Theilo.”— iRpllet’s UnUrsuch. aus dem InstUiUe fiir 
IJistol. tn Gras. 

t ^^NouoUtitersucliungeu Uberdie Entziindnng,*’ Cohnlicua, 1878. 
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show that the retardation and ultimate stagnation of Jhe 
blood-streaiTkin inflammation, are owing to some impair- 
ment of the Vital properties of the walls of the blood-* 
vessels with *Vhich the circulating blood comes into 
contact. • ^ 

In explanation of the phenomena of exudation and 
emigration, which take place coincideiitly with the re- 
tardation of the, blood-stream, it maybe stated in the 
first place that these are not due to any increased blood- 
pressure such as exists and accounts for the exudation in 
mechanical hyperasmia, inasmuch as the pressure within 
the vessels of an inflamed area is less than natural. 
Neither can they be due to the enlargement’ of stomata 
which have been supposed to exist between the endothe- 
lium, because if such openings existed the unaltered blood 
would escape, and not certain constituents of it only ; 
and a similar escape would occur in conditions of active 
hypermmia. From the experimental investigations which 
have beou described, there can be no doubt that these two 
phenomena of inflammation are, like the dilatation of the 
vessels and retardation of the circulation with which 
they are associated, due to some alteration in the vital 
'properties of the walls of the blood-vessels, an alteration 
possibly of a chemical nature, but, at all events, one not 
accompanied by any structural change recognisable by 
our present methods of observation. This alteration 
increases the resistance between the blood and the vessels, 
and so impedes the circulation, and also permits the 
transudation of constituents of the blood wliich normal 
vessels retain. The causes of this alteration may be very 
various, but they all lead to similar results, and if their 
injurious influence bo sufficiently pronounced, they may 
completely destroy the vitality of the vessel. When this 
occurs, as was seen in the chapter on thrombosis, the 
blood coagulates, and we pass from the confines of in- 
flammation into those of necrosis. 

The remaining constituent of thertnflammatory process 
— ^the alteration in the nutrition of the inflamed tissue— 
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succeeds the changes in tlie circulation and the exudation. 
Respecting the cause of the increased nutritive activity 
•of the cellular elements which characterises/ nflammation 
in certain tissues- -it is pi’obable that this if, for the most 
pari, the result of the stimulation of the' cells by the 
liquor sanqiiinis exuded from the blood-vessels, and the 
increased supply of nutriment with which they are sur- 
rounded. (Sec “ Nutrition Tncreased.”) The impair- 
ment of nutrition produced by inflammation is due partly 
to the stagnation of the blood, and partly to the injurious 
. influence of the products which escape from the blood- 
vessels. (See “ Suppuration.”) 


SurpUKATfON. — Suppuration, and tho formation of ab- 
cesses, is a very frequent result of tho inflammatory pro- 
cess ; it occurs much more frequently, however, in some 
inflammations than in others. As a rule it may be stated 
that the more intense the iullamination the more abun- 
dant is the formation of pus. 

Tho essential constituents of pus are cells and a liquid 
in which they are suspended. Tlie liquid has an alkaline 
reaction and closely resembles tho liquor sanguinis. It 
contains various kinds of albumen, fatty matters, and in- 
organic substances. The cells, or pus-coiyuscles (leu- 
cocytes), are indistinguishable from the white corpuscles 
of tho blood. As seen after death, they are spherical, 
spheroidal, or irregular-shaped, semi-transparent bodies, 
from -jaVoth to i*ich in diameter, containing a 

varying number of granules, and usually one or more 
distinct nuclei. (Fig. 75.) The addition of dilute acetic 
acid causes the cells to swell up ; they become more 
spherical and transparent, and the nuclei are rendered 
more apparent. The size of the corpuscles and nuclei, 
and the number of the granules, present manifold vari- 
ations. Pus-corpuscles, like white blood-corpuscles, lymph- 
corpuscles, and many other young cell-forms — all of 
which are included under the common term of leucocytesr^ 
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.iro masses of contractile protoplasm. They posa^iss 
the po\v^r o£ spontaneous movement, and when living 
undergo con^nuoiis alterations in form, and migrate iii • 
the tissues. (See Fig. 74.) They may also multiply. 

The 1110 ( 1 ^ of origin of pus has been the subject of 
much controversy. The liquid ingredient proceeds 
directly or indirectly from the blooil, it is the exuded 
liquor sanguinis : about this there is no dispute. 'JHio 
difference of opinion which has existed is respecting the 

Fig. 75. 
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Pus-cm'pmdes as scfn ajJer death . — a. Tk'fore, h, aftop, 
tliu addition of diliito acetic acid, x 4()(), 

origin of the formed elements. Witlioiit discussing 
obsolete theories, it must now be admittc'd that there are 
two sources from which the cells of pus may be derived — 
one from the hluod, and the other from the iiijliviutul 
tissiies. 

It has been seen that in the process of inflammation 
innumerable white* blood-corpuscles pass out of the 
vessels into the surrounding tissues, and as these are 
indistinguishable from pus-corpuscles, it must be conceded 
than one mode of origin of pns is from the blood. Fur- 
ther, the whiti^blood-corpnsclcs may multiply, and it is 
probable that by this means the production of pus may 
be greatly increased. 

The other source from which the cells of pus are de- 
rived is from the cellular elements of the inflamed tissue. 
In certain tissues, as has been seen — especially in epithe- 
lial and endothelial tissues — the cells are the seat of 
active ohanges in inflammation ; they may multiply and 
form new cells, and the more intense the inflammation, 
the more lowly organised are the n#wly -formed elements, 
and the less is their tendency to form a permanent tissue. 
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Sqpne of these newly-formed cells constitute pus-cor- 
pnscles. These, in this case, must be regaiuled Sls young 
•elements resulting from the proliferation iof the tissue, 
which are of low vitality, and soon perish. ‘ 

Although the formed elements of pus ftiUy thus be 
derived both from the blood and from the inflamed tissue, 
th^re can be no doubt that the former is their principal 
source, and that they arc in the main migrated blood- 
corpuscles. In the earlier stages of the inflammatory 
process, they are mostly, if not all, emigrants*; but in the 
later stages it must be admitted that they may also, in 
certain tissues, be derived from tlio cells of tbe inflamed 
part. 

The blood being the principal source of pus, it is evi- 
dent that the more abundant the escape of blood-cor- 
pnscles, the greater will be the formation of this product, 
and hence the greater its tendency to collect so as to 
form an abscess. It is consequently in tlioso inflamma- 
tions which arc the most conceniraiod and the xnost tn- 
tmsfi — provided that the injury bo not sufficiently severe 
to cause complete stasis — that the formation of pus is 
most sibuiidant. The greater the inj ury sustained by the 
walls of the blood-vessels, the more readily will the blood- 
corpuscles penetrate them, and hence the more abundant 
will be the •formation of pus. In inflammations of less 
intensity the escape of blood-corpuscles is less abundant, 
so that pus is not produced in sufficient quantities to 
cause its collection in the form of an abscess, and the 
corpuscles may merely infiltrate the part in such few 
numbers as to require for their recognition the use of the 
microscope. 

Pus exercises a most injurious influence upon the sur- 
rounding tissues. The pus-corpuscles appear to be 
endowed with the power of absorbing the tissues with 
which they come in contact, or, at all events, causing 
their liquefaction. Hence the softening and disintegra- ‘ 
tion of the tifcues vAiich constitute 'such a destructive 
element in intense inflammations. 
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Pus which has remained for auy length of time in l^ho 
tissues unde%goes certain changes. Its el'emepats may 
undergo fatty metamorphosis, and thus be rendered ca- ' 
pable of absorption. If pus is long confined in a closed 
cavity, its liquid portions may become absorbed, and its 
colls atrophy, so that it gradually dries up into a caseous 
mass, which may subsequently become calcified. 


Vakieties of Inflammation. — 1 . The most important 
variations in inflammation arc duo to the amount of alter- 
ation in the walls of tlie blood-vessels, in other words, to 
the inteufiity of the inflammatory process. Tlic extent to 
which the vessels are altered depends upon the severity 
of the initial injury, and the degree of susceptibility to its 
injurious influence; the vascular, like other tissues, being 
much more easily influenced injuriously in some indi- 
viduals and in some states of liealth than in ot[icrs. In 
speaking therefore of the intensity of an inflammation, it 
must be borne in mind that it comprises these two factors. 
Prom what has been already stated it will be obvious that 
upon the intensity of an inflammatory process will depend 
the extent and character of the exudation from the vessels 
— the greater the intensity, the more abundant, the more 
highly albuminous, and tho more richly cellular the exu- 
ded liquids. Hence it is in inflammations of considerable 
intensity that the vascular phenomena are often so pro- 
nounced, the ft)rm<ation of pus so abundant, and the 
softening and disintegration of the tissues so considerable. 
Such inflammations, inasmuch as the action of the injury 
which produces them is for the most part of short dura- 
tion, are sometimes designated acute inflammations. 

In inflammations of less intensity the vascular phe- 
nomena are less marked, the exudation is less albuminous, 
and the formation of pus is less abundant. It is in many 
of these less intense and more chronic forms of inflam- 
mation that new growth occupies a promindht place. The 
new growth consists in the main of an increase of the 
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connective tissue around the blood-vessels, although in 
certain t^sues, especially epithelial' and gl^dular struc- 
* tures, this is associated with an increase of »the epithelial 
elements. It appears to me to be probably true — that 
the less intense the inflammatory process, the ‘more do the 
resulting textural changes tend to be limited to the con- 
nective tissue which is immediately adjacent to the blood- 
vessels, whereas in inflammations of somewhat greater 
intensity the ei)itheHal elements become involved. This 
is seen, for example, in inflammation of the kidneys and 
mucous membranes: In the former, the least severe 
forms of inflammation are characterised histologically by 
an increjise in the connective tissue around the- blood- 
vessels (see “ Interstitial Nephritis ”) ; whilst in inflam- 
mations of somewhat greater intensity, the prominent 
textural change consists in swelling or proliferation of the 
epithelium within the tubules.- (See “ Tubal Nephritis.”) 
In mucous membranes, also, the more sovore inflammations 
are attended by epithelial 2 )roliferation, the less intense and 
more chronic by changes in the submucous connective 
tissue. The tendency of the textural changes resulting 
from the least severe forms of inflammation to be limited 
to the connective tissue immediately adjacent to the blood- 
vessels, gives to these inflammations certain peculiarities. 
The new tissue — consisting in the earlier stages mainly 
of small round cells, but ultimately becoming developed 
into a more or less completely fibrillated structure (an 
adenoid or fibrous tissue) — leads to an induration of the 
organ in which it is situated, and very often, to the sub- 
sequent atrophy and retrogressive metamorphosis of its 
other histological elements. These changes will be more 
fully considered when treating of inflammation of the 
individual organs and tissues. (See “Inflammation of 
Common Connective Tissue,*^ “ Cirrhosis of the Liver,” 
&c.) These least intense forms of inflammatioiL,4nasmuch 
as the injury which produces them is not only of slight 
severity, but fs usneibly also prolonged and intermittent 
in its action, are often known as chronic inflammatioaB. 
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2. Inflammations vary considerably in the charaoter.,of 
the effusions^ to which they give rise, hence ^hore are 
iiornnSf fihriiihus and suppurative inflaminjitions. These 
diJIerenccs are obviously closely connected with differ- 
ences ill the^fn tensity of the inflammatory process. 

\ serous effusion is one containing but little albumen 
and few blood-corpuscles, and consequently having but 
little tendency to coagulate. Such effusions occur in 
inflammations of slight intensity, in which the alteration 
in the walls of the blood-vessels is only sufficient to allow 
the more watery constituents of the blood to escape. In 
more intense inflammations also, where the emigration of 
blood-corpuscles is not fully established, as in the earlier 
stages of the process, and when the injury to the vessels, 
although severe, is rapid and transient in its action, as that 
caused by heat and blistering agents, the effusion is often 
a clear and only slightly coagulable liquid. Lastly, in 
an impoverished state of the blood, especially whore the 
albumen is diminished, an inflammatory exudation, oven 
when the process is of considerable intensity, is liable to 
be of a serous or very imperfectly ffbrinous character. 

A fibrinous off union is more richly albuminous than the 
preceding, contains more blood-corpuscles, and conse- 
quently has a much greater tendency to coagulate; so 
that layers of librin are found adherent to the inflamed 
surface'. Fibrinous effusions are usually duo to a graver 
alteration in the walls of the vessels than serous — an 
alteration whioJi allows more of the constituents of the 
blood to escape. As just stated, they may not occur in 
impoverished conditions of the blood, even though the 
inilammation be of great intensity. 

A suppurative effusion contains samany blood-corpuscles 
that it is distinctly purulent. (See “ Suppuration.’*) 
This abundant escape of leucocytes is due to an inflam- 
mation of considerable intensity, to one in which the alter- 
ation in the walls of the vessels is more marked,, and the 
injurious influence is for the most^art more prolonged 
than that which permits the escape of a less corpuscular 
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li(yiid. The suppuration is often preceded by a serous or 
fibrinous effusion, the blood-corpuscles, as already stated, 
escaping at a later period in the process tl^n the liquor 
sanguinis. 

3. One of the most important divisions of 'ififlammation 
is into infective and non-infedive. An infective inflamma- 
tion is one the products which possess infective properties, 
owing to which the substances which are absorbed from the 
inflamed i^art tend to cause secondary inflammations of 
the tissues Avith which they come into contact. This 
infective property has in the first place a local influence, 
causing inllainniation in the tissues immediately adja<5ent 
to the part primarily affected : — infective inflammations 
have thus a temlLMicy to spread. The infective substances 
being absorbed by tlie blood-vessels and lymphatics then 
tend to cause inflammation in distant tissues thus the 
process becomes disseminated. What it is that causes the 
products of an inflammatory process thus to become in- 
fective will be considered more fqlly in the chapter on 
Septiommia and Vymmia. It will be suflicient here to 
state that in all infective inflammations the formation of 
the infective substance appears to be duo to the presence 
of miuute organisms, these organisms iii the ordinary 
non-specific infective inflammations being the common 
septic bacteria. 

4. Inflammations have received different names, accord- 
ing to the nature of the injury upon which they depend, 
llioso inflammations which result from external injuries, 
mechanical or chemical violence, are called traumatic. 
Inflammations in which the nature of the injury is not 
obvious, arc usually called idiofaihic. The nature of the 
injury may give to the inflammatory process certain pecu- 
liarities. The coutagiuui of small-pox, for example, gives 
rise to inflammation of the skin, constituting the ‘‘ rash 
that of syphilis, to certain inflammations of ihe skin, 
mucous nipiiibranes, and other tissues ; and that of 
typhoid fever, to infltmmation of the intestinal lymphatic 
structures. In all these and numerous similar cases, the 
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nature of the injury impresses upon the inflammation 
certain peculiirities, and in so far as the former is specific, 
the latter may be called j<peeifie inflammations. Lastly, « 
inflammatory processes may be modified by the existence 
of certain i^ftslltuHonal peculiarities. This is the case 
especially in Scrofula. 


Tekmixations or Inflammation. — 1. Uosolut ion.— This, 
the most fre(pioTit and most favourable termination of 
inflammation, consists in tlie cessation of the process and 
the restoration of the part to health. In order for this 
to Sccur, it is necessary, in the first place, that the in- 
jurious influence, whatever it may ho, should be removed. 
This bciu<j done, there ni ust be a restoration of the walls 
of the blood-vessels to their normal condition, in order 
that the abnormal transudation may be arrested. This 
restoration will obviously be more easily effected in the 
earlier than in the more advanc(5d stages of tho inflam- 
matory process. A normal condition of tho walls - of . the 
blood-vessels is depcndejit upon tho proper circulation of 
the blood tli rough them and the vasa vasorum. What- 
ever, therefore, favours the re-establishment of the cir- 
culation in tho inflamed area will, as j)ointed out by 
Colmheim, favour resolution. 

Another necessary element in resolution is the removal 
of the inflammatory products. This is effected mainly 
by the lymphatics, the effused liquid and blood-corpuscles 
passing into the lymphatic chauneLs. After the restora- 
tion of the circulation, absorption is also carried on to 
some extent by the blood-vessels. In tho latter stages 
of the process any unahsorhed blood-corpuscles or fibrin 
undergo fatty degeneration, and thus the complete re- 
moval of the inflammatory products is much facilitated. 
(See “ GrQy Hepatization.'*) 

It will thus be obvious that all those conditions which 
interfere with the lymphatic or vasc^ar circnlation, such 
as the pressure exercised by large quantities of effusion in 
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a ^erous cavity, or by a richly cellular exudation in a 
lymphatic gland, must retard resolution . ^^See “ Casea- 
•tioii” and “Scrofulous Inflammation.”) Interference 
with the lymphatic circulation tends especially to prevent 
absorption, int(;i’f(Tenco with the circulation’iii the blood- 
vessels trt prove nt that restoration of those vessels to a 
normal condition which is necessary in order to arrest 
the continued transudation. 

2. Nerrosis . — Tnflamiiuition may terminate in the death 
of the inlhuned tissue. This result is liable to occur if 
the initial injury is of considerable severity and the dura- 
tion of its action is ]>w)louged. Such injuries, by qpm- 
2 )lctcly de.stro}'ing the vitality of the vessels in that area 
when! their injurious influence is the most marked, cause 
thrombosis; and this, together with the interference with 
the circulation due to exudation from the unthromhosed 
vessels, lead to the death of more or loss of the allected 
jiart. 

Considerable imi^iirment of the vitality of a tissue also 
renders it, when inflamed, veiy liable to become necrotic ; 
hence the frequency with which inflammations in the aged 
and debililutt'd l(U'minate in gangrene. (See “ Senile 
Gangrene.”) This liability is partly due, as already ex- 
plained, to tlic weakened vessels being abnormally 
susceptible to the injurious influence, so that very slight 
injuries may cause intense inflammations; and partly 
to the feebleness of the circulating forces, and conse- 
quent inability to restore the circnlation^iii the inflamed 
area. 

.3. New Growth . — The development of new tissue has 
already been alluded to as a result of many of the less 
intense inflammations. In order for this “productive” 
inflammation to occur, the inflammatory jDrocess must not 
be of sufficient intensity to caitse abundant pus-formation, 
but yet intense enough, and the blood of a sufficiently 
healthy character, to lead' to a fibrinous exudation and 
the escape of a certtfin number of leucocytes. It is from 
a fibrinous effusion containing white blood-corpuscles — 
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the so-callcd plastic lymph— that the new tissue is pro- 
duced. The new tissue is invariably a connective tissnc, 
and its development will be considered when speakinj^ of ^ 
inflammation of connective tissue. It will be sufficient 
here to state that the process consists in the development 
of some of the escaped leucocytes into larger cells, the 
formation of numerous new blood-vessels, the fibrillation 
of the growth, and its ultimate development into a vas- 
cular connective tissue, which subsequently becomes less 
vascular and tends to. contract. This productive inflam- 
mation occurs in the union of wounds, the healing of 
ulcers, in chronic inflammation of organs, &c. (See 
“ Inflammation of Common Connectiv^c Tissue.”) 


1 



CHAPTER XXX. 

SCROFULOUS INFLAMMATION. 

Tub process of inflammation when occurring in the 
scrofulous usually presents certain peculiarities. 

The constitutional condition known as scrofula — a con- 
dition usually inherited hut often acquired — is charac- 
terised by certain pathological tendencies. Of these the 
most important is an abnormal susceptibility of certain 
tissues to injury, and a peculiarity in the products and 
in the course ol the inflammation which the injury in* 
duces. This susceptibility, more or less general, is com- 
monly moat marked in the mucous membranes and in 
the lymphatic glands, although the skin, bones, and 
joints are frequently affected. The part, however, which 
is the most prone to suffer varies considerably in different 
cases. • 

Not only is there this susceptibility to inflammation, 
but the inflammatory process tends to be exceedingly 
protracted ; it is very readily reinduced, and the altera- 
tions produced in the part differ from tliose caused by 
inflammation in healthy persons. When inflammation 
occurs in a healthy individual, if it does not cause the 
death of the part, the inflammatory products either be- 
come absorbed, or the process le&ds to suppuration, or to 
the formation of a vasciilariscd connective tissue. In 
scrofulous inflammation the absorption of the inflamma- 
tory products is very much less readily affected; Ihey 
tend to hbfiUrate and accumulate in the tissue, where by 
their pressure they interfere with the circulation, and so 
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lead to retrogressive and caseous changes. There is but 
little or no «tendency to the dovelppment of new blSod- 
vessels, and hence there is no organisation of tho new* 
growth. 

These peoa^iaritics of inflammation in scrofulous sub- 

Fio. 76. 



J^ofuUnts Inflammation of a lironrhns . — Section of a amall 
bronchus of a markedly scrofulouH chihl, the subject of 
bronchitis, which toriniuated in miliary tuberculosis. The 
deeper structures of tho bronchial wall arc seen to be 
extensively infiltrated with* cells, most of which are laryar 
than those met with in tho less extensive infiltration of 
healthy inflammation. The infiltration extends to and in- 
vades the walls of the adjacent alveoli, which are seen at 
the upper part of the di'awing. The cavity of the bron- 
chus contains a little mucus, m. x 200, reduced 

jects aip to be in groat measure ascribed to that 
inherent low vitality of tho tissues which obtains in 
this disease, imd also to certaij^ peculiarities in the 
histology of the inflammatory products. Virchow long 

T 2 ^ 
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ago pointed out the nchly cellular character of the pro- 
du'^ts of scrofulous inflammation, the tenlency of the 
.cells to infiltrate the tissue, and the extreme tardiness 
with which the infiltration becomes absorbed. Quite* 
recently Professor Rindflcisch has stated that these cells 
are, for the most part, larger than those met with in 
healthy inflammations ; and that this being the case, 
their removal by passage into the lymphatics is less 
readily cft'ected.* In tubercle, the close relation of which 
to scrofulous lesions is well known, the existence of large 
cell- forms ‘is almost constant, and their pathological sig- 
nificance in both those allied pro<lucts will be more fully 
considered when speaking of tuberculosis. (See “ Tu- 
bercle and Acute Tuberculosis.”) This largeness of many 
of the young cells in scrofulous iniiammatioii, and their 
marked tendency to infiltrate and accumulate is well 
shown in the abcompanying drawing (Fig. 76). 

These histological peculiarities of the products of scro- . 
fulous inflammations not only lead to an extensive and 
obstinate infiltration of the- affected tissues, but, as in- 
sisted upon by Rindflcisch, they must in the parenchyma 
of organs, as in the glands and viscera, cause, by the 
pressure they exercise, more or less obstruction of the 
blood-vessels, and so interfere with the vascular supply. 
To this interfertjuce with the vascular supply, and to the 
inherent low vitality of the cellular elemeuts, is to be 
mainly ascribed the retrograde changes and caseous 
mctamoiyhosis which are so characteristic of scrofulous 
lesions. 


-* Zirmssen’s “ Cyclopccdia of Practical Medicine,’* vol. v. Article, 
Chronic and Acute Tuberculusis, by Iiindfleisch. 



‘ CHAPTER XXXI. 

TUBERCLE AND ACUTE TUBERCULOSIS.' 

By acute tuberculosis is understood a pfencral infective 
disease, which is (Sharacterised anatomically by the occur- 
rence of numerous minute nodular lesions more or less 
j^enerally disseminated in the various organs and tissues. 
The generally disseminated nodular lesions, which are 
^characteristic of the disease, appear to be inflammatory 
growths, resulting from the distribution of infective mate- 
rials (probably minute particles), by means of the blood- 
vessels or lymphatics from some primary inflammatory 
product. They are, therefore, the anatomical results of 
an infective inflammatory process, and they constitute 
what have long been known as miliary fuherchft. 

General Pallwl-oyy of Acute Tuberculosis . — Our know- 
ledge of acute tuberculosis and of its anatomical result — 
tubercle, has until recently been involved in obscurity ; 
but at the present time — owing in groat measure to 
scientific expenmen tal research— it may be regarded as 
being much more complete. According to the older doc- 
trines, which were based upon the teaching of Laennec, 
tubercle was looked upon as a specific non -inflammatory 
growth which originated spontaneously in the 'tissues. 
Further, this new growth was characterised by the regular 
succession of changes which it invariably underwent — 
it was first grey and translucent, then became opaque, and 
ultimately caseous. Hence in its earlier stages it was 
known as gvey, in its latter as yellow tubercle. Caseous 
metamorphosis was held to be such a distinguishing p^cu- 
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liaf<ty of the growth, that all caseous masses yere regarded 
jis tubercular, and the term “ tubercle ” came to be applied 
indiscriminately to all pathological products which had 
undergone this form of degeneration, and which in their 
colour and consistence somewhat resembled soft cheese. 
Caseation, however, as already stated, although most 
frequent in tuberculous and scrofulous lesions, is a 
common result of the retrograde metamorphosis of many 
growths which are destitute of or contain but few blood- 
vessels, and which consist of closely crowded cellular 
elements. (See “ Caseation.**) For this much wider 
extension of the pathological significance of caseous 
degeneration we are mainly indebted to Professor 
A'’irchow.* 

The infective natfire of acute tuberculosis was first 
promulgated about twenty years ago by Buhl, who stated 
that in the majority of cases of this disease indurated 
masses which had become caseous existed in some part of 
the body, and that to the absorption of substances from 
these infective centres the general development of the 
tubercle was owing. He further stated that in those cases 
in which the tubercles were confined even to limited por- 
tions of a single organ, they were also secondary to 
caseous lesions. Buhl’s theory, therefore, implied that 
the origin of the infective substances was necessarily 
associated with caseous metamorphosis of the primary 
inflammatory induration. A modification of this view 
of the nature of the infecting lesion has since been ren- 
dered necessary, both by the results of post-mortem 
observations, and also by those which have been obtained 
from the artificial production of tuberculosis in the lower 
animals. 

The experimental investigation of acute tuberculosis 
was commenced by Villemin in 1865, and subsequently 


♦ For further iuformati'; n on the history of “ tnbercl^" the readci* 
IS Inferred to tho commencement of the chapter on ^^-Fulmouai'y 
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followed out by Burdon Sanderson, Wilson Fox, Colin- 
heim, Klebs, and others. The methods of invest i"ation 
consisted either in the inoculation of various inflamma-* 
tory products — for the most part products of chronic 
inflammations (caseous or not caseous), or in the produc- 
tion of a. local inflammatory induratioii by the introduc- 
tion of setons and of other foreign bodies beneath the.skin. 
Of inflammatory products Dr. Sanderson found that none 
proved so active as that obtained from ' the indurated 
lymphatic glands of sin animal already suffering from the 
disease. In both cases, after a certain lapse of time, dis- 
seminated inflammatory lesions were produced in various 
organs and tissues — lesions which presented a special 
tendency to become caseous at their centres. It was also 
fouftd that the distribution of these lesions varied accord- 
ing as the infective materials were introduced into the 
blood-vessels or lymphatics, clearly proving that they 
resulted from the dissemination of infective substances by 
means of the blood and lymph streams. Thjs results of 
these experiments therefore show, in the first place, that 
caseation ^f an inflammatory product is not necessary 
in order for it to constitute an infective focus ; and, 
secondly, that the development of the general tuberculosis 
is not due to anything specific in the substances inocu- 
lated, but that the products of various inflammatory pro- 
cesses (for the most part of inflammations of slight 
intensity), may constitute the infective agents. 

The lesions produced, however, in artificial tuberculosis 
differ somewhat from those met with in the natural 
disease as it occurs in man. They differ both in their 
anatomical distribution, and, to a less extent, in their 
pathological tendencies. The differences in anatomical 
distribution are principally confined to the brain and 
lungs. The brain, which is so frequently affected in the 
natural disease in man, is rarely so in artificial tubercu- 
losis. In the lungs, the first structural changes which 
take place in artificial tuberculoids are stated by Dr. 
Klein to consist in the development of adenoid tissue 
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around the perivascular lymphatics, the iipplication of 
the alveoli being only a secondary part of the process.* 
*In the natural disease in man, on the other hand, the 
changes commence in the alveoli themselves. ^ Respecting 
differences in their pathological tendencies~it is -to be 
remarked that caseation occurs much more extensively in 
the lesions artificially induced than in man. In the 
former, also, diffused tracts of consolidation are more 
frequently associated with the miliary lesions, and they 
may even constitute the predominant structural changes. 
Th(jse differences, however, are probably to be regarded 
as resulting from diiferencos in the intensity of the 
infective process, a,nd from peculiarities in the morbid 
tendencies of the tissues involvtid, and not as any 
evidence of a want of analogy in the pathology of*the 
two diseases, 

Passing on to consider acute tuberculosis as it is met 
with in man, it must in the first place be stated that it 
occurs most, frequently in those who are scrofulous, and 
one or more masses of inflammatory induration which 
have become caseous are, in the great majority of cases, 
to be found in some parts of the body after death some- 
times in the lungs, sometimes in the bronchial glands, 
sometimes in the glands of the mesentery, &p. Caseous 
metamorphosis, as was seen in the preceding chapter, is 
exceedingly common in scrofulous inflammation, owing 
to the marked cellular infiltration and consequent anaemia 
which characterise the process; and it id these ^oducts 
of scrofulous iiijlammation which are the most common 
cause of acute tuberculosis. Much less frequently cases 
of acute tuberculosis are met Vith, in which there exists 
some inflammatory lesion which is not caseous, as a 
simple induration, an inflamed bone, or an ulcerated 
mucous membrane ; Vhilst in exceedingly rare cases it is 


* “ On the Lymphatic System of the Lungs,'* by Dr. E. Klein ; 
Prooeedlnffs qf the Jtoj/al Societp, No. 140, 1874. 



TUBERCLE AND ACUTE TUBERCULOSIS. 281 

stated that jy) such products of a previous inflammatory 
process has been discoverable. 

The results of post-mortem observations of the natural* 
disease thus appear to justify the same conclusions 
respecting {£e nature of the infective substances as those 
derived from the experimental investigation of the disease 
in the lower animals, and in a man also it must therefore 
be regarded as in the highest degree probable that any 
inflammatory product may, under certain circumstances, 
give rise to a tuberculous process, and that although 
caseation of the product is most frequent, it is not essential 
in order for it to constitute an infective focus. Why 
such inflammatory products should in some cases be 
infective, whilst in others they remain inei’t, we are 
nnable certainly to explain. In attempting. to answer 
this question, it must be remembered that such products 
may accidmfally become placed in direct communication 
with the vascular or lymphatic systems ; and also that 
infective substances are much more liable to produce 
r(‘siilt8 in some constitutions and' in some conditions than 
in others. It is also possible that the infective properties 
of an inflammatory product may be determined by 
atmospheric influence or by the presence of minute 
organisms. (See “ Septiemmia.’’) 

Whilst acute tuberculosis is thus 'an infective disease, 
it is an infective disease of a special kind. In the first 
place, the infective substances derived from the infective 
focus — which arc probably minute particles — not only 
exercise their injurious iuflueuce over areas of tissue 
which are for the most part exceedingly small (hence 
the miliary character of the lesions), but the injury they 
inflict is of comparatively slight severity. The principal 
result of their dissemination is consequently to cause a 
textural change— a new growth of tissue at the seat of the 
injury. ^ See “ Chronic Ir^ammations.”) In this respect 
this disease prlscnts a marked contrast to one with which 
it is closely allied — pyaemia, in whifh the severity of the 
injury produced by the infective particles is much greater, 
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an^ gives rise to the formation of abscesses. (See 
“Pyaemia.”) In pyannia tbe intensity of the dissemi- 
•natfed inflammatory processes is considerable, and the 
course of the disease is usually acute, whilst in acute 
tuberculosis the inflammatory processes are much less 
severe, and the disease tends to run a more chronic 
course. 

Histology of Tuuercle. — The miliary lesions in acute 
tuberculosis, although presenting certain differences ac- 
cording to their age, and to the nature of the tissue in 
which they originate, are tolerably uniform in their histo- 
logical characters. Their most marked feature is the 
prominent place which large multinucleated masses of 
protoplasm — the so-called giant cells— occupies in their 
constitution. These large cells, which somewhat resemble 
the myeloid cells met with in sarcomatous tumours, <fec., 
were long ago alluded to by Virchow, Wagner, and 
others, but it is only during recent years, mainly owing 
to the researches of Oscar Schiippel and Langhans, that 
they have come to occupy a prominent place in the 
histology of tubercle. 

The most characteristic features of these multinucleated 
cells are their large size, the number, of their nuclei, and 
the irregularity of their outline. Soine of the larger ones 
measure as much as diameter. They possess 

no limiting membrane, but are simple masses of proto- 
plasm, containing numerous round or roundly -oval 
nuclei, each enclosing a bright nucleolus.v. (Figs. 77, 78, 
and 79.) As many as forty nuclei may occasionally be 
counted in a single cell. Some of them are much smaller, 
and contain only three or four nuclei. Pour or five, or 
even more, of these multinucleated masses are sometimes 
found in a single tuberculous nodule. Many of these 
large cells possess long branched processes, in connexion 
with which; and evidently originating from them, are 
smaller protoplasmic masses, also nucleatechand branched. 
(See Figs. 78 and 79.) The meshes between the branched 
cells are, according to Schiippel, filled with epithelial-like 



TUBERCLE AND ACUTE TUBERCULOSIS. 283 


Fig. 77 . 



A MuUimtcleated CeUfrtm the Lung in a Case of Chronic 
I^hthtsis.— Showing the lon^r branched processes, which 
are contintious with the roticiUnni the surrounding 
indurated growth. Some of the procjesses ajre in con- 
nexion with smaller nucleated elements, x 200. 
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eleiiients. These elements I have failed to ^observe, and 
the^ meshes I have either found empty, or containing a 
*few lymphoid cells. (E"ig. 79.) It would. thus appear 
that the original protoplasmic mass gives origin to a net- 
work of large branched cells. 

Fia. 



Mnltlnwlpjfttedaml branched CeU'i from a firm Gre^j Miluirjf 
Tuberch of the Lumj in a Case of Acute Taherrulosis. — Wi(io 
moshcR aru soen in tho iramodiatc vioiuit y of the colls en- 
closing a few lymphoid elements. 'Fhe branched processes 
are directly continuous with the adenoid reticulum of the 
tubercle, x 200. 


With regard to the histological elements from which 
the giant cells originate — ^this varies. In the lung, D!-. 
Klein states that they arc deris^ed from the alveolar 
epithelium. They may also probably originate from the 
cells of connective tissue, and from the endothelium of 
the blood-vessels and lymphatics. Their formation takes 
place either by the fusion of two or more cells, or by the 
excessive development of one cell. In the latter case, the 
cell increases in size and its nuclei multiply, bu^ here the 
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pAcess of development ceases — there is no subsequent 
division of tlfe cell. 

Associated with, and surrounding the giant cell And* 
its branches, is a small-cellcd adenoid-like structure. 
(Fig. 79.) small-celled structure, which usually cgii- 

tributcs largely to the formation of the tubercle, some- 
what resembles that of an in<luratcd lymphatic gland, 
which is commonly known as adenoid tissue. A. similar 
structure, as has already been stated, is also met with in 
chronic inflammations of the liver, lungs, and other organs. 
(S(?e “ Chronic Inflammations.”) It oonsists, in the main, 
of lymphoid cclL'^, which are either separated from one 
another by fine bands of homogeneous transparent-looking 
material, or by a more or less distinctly fibrillated, and 
sometimes nuch'ated reticulum, within the meshes of 
which the cells are groui)ed. (Pig. 80.) This reticulum 

Fig. 80. 



A portion of a Grey MiUary Tkthercle qf the Jjnng , — 
Showing tlio a<lcrjoid-liko structure met with in 
large portions of these nodules, x 200. 

is sometimes ’dense and well marked, whilst in other cases 
it is much less prominent. In addition to the small 
lymphoid cells there are ofteh seen some rather larger 
cells containing one, and, in some cases, two nuclei. (See 
Scrofulous Inflammation,” Fig. 76.) 

An elementary tubercle thus consists of a giant-cell 
reticulum surrounded by, and in direct histological con- 
tinuity with, a varying sized zone of small-celled tissue. 
I’his is wqU shown in Fig. 79. (See also Fig. 88.) The 
larger tuberculous nodules consist of several of these 
giant-cell systems. (See Fig. 89.) ^ 

Although the above characters of tubercle are to be 



286 INFLAMMATION. 

olj^cryed in successful preparations and in certain stsC^es 
of the tuberculous growth, many of them‘d will often be 
• foind wanting. The nuclei and processes of the giant 
cells will not always be soon, and the cells often appear 
simply as yellowish, somewhat granular massses in which 
neither nuclei nor processes are visible. In this imperfect 
state they are to be found in tuberculous nodules from 
all organs in which tubercle is met with. 

It remains to speak of the blood-vessels of tubercle. 
The vessels of the tissue in which the nodule originates 
gradually become obliterated in the process of its growth, 
and there is no new formation of vessels, such as takes 
place in more highly developed inflammatory tissue. 
(See “Inflammation of Common Connective Tissue.”) 
The tubercle is therefore, except in the earliest stages of 
its develgpmcnt, non- vascular. (See “ Scrofulous Inflam- 
mation.”) 

Although the structure which has been described is that 
most commonly met with, it must be borne in mind that 
all tuberculous lesions are not thus constituted. ’When 
treating of the changes in the several organs, it will be 
seen that the precise histological constitution of the no- 
dules varies somewhat, according to the characters of the 
tissue in which they originate. In the lung, for example, 
many of them consist largely of accumulations of 
epithelial cells within the pulmonary alveoli. 

Secondai'y Changes, — Tubercle, invariably undergoes 
more' or less retrograde metamorphoses, although the 
extent of this varies considerably, and in some cases the 
nodules may become developed into an imperfect fibroid 
structure. The occurrence of retrograde metamorphosis 
is mainly owing to the obliteration of the blood-vessels 
which accompanies the growth of the lesions. The 
change commences in ‘the centre of the nodule, this being 
the part first developed, and consequently that which is 
the furthest removed from vascular supply. ITie nodule 
breaks down into granular fatty debris, so that its 
central portions soon become* opaque and yellowish. 




One of the drey Sodulei front, 
the fjumj in a Case of ActUe 
Tuberculosis, whit'h is becoming 
opnque and sqf't in thfi centre. 
(Diagrammatic.) , 
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(Fig. 81.) In some cases the process of disintegratioij is 
rapid, whilst others it is more gradual. It is usually 
most marked in the larger . Fig. 81. * 

and more diffused lesions, 
and hence is these lesions 
which are most commonly of 
a yellow colour and soft con- 
sistence (“yellow tubercle'*). 

In other cases the retrograde 
change is less marked, the 
reticulum of the nodule 
becomes denser and more 
fibroid, and although the im- 
perfect fibroid tissue usually 
ultimately undergoes in its 
central parts more or less fatty metamorphosis, the 
nodule may remain as a fii*ra fibroid mass.* I'his occurs 
more especially in the smaller lesions. The extent and 
rapidity of the retrograde change depends, I believe, 
partly upon the intensity of the infective process, and 
partly upon constitutional conditions. The existence of 
scrofula favours retrograde changes in tuberculous lesions 
as it does in all inflammatory products, and it is in 
those who are markedly scrofulous that tubercle under- 
goes the most rapid degeneration. (See “ Scrofulous 
Inflammation.**) These changes will also be influenced 
by the intensity of the infective process. The more 
intense the process the greater is the tendency to the 
degeneration and softening of the nodules, the less intense 
and more chronic, the more liable arc the miliary lesions 
to become fibroid. 

Lo(5al Tuberculosis.— Before concluding the considera- 
tion of the general pathology of tuberculosis, allusion must 
be made to those cases in which the tuberculous processes 


" ♦ Dr. Klein states (loc. cU.) that the largo muUinucleated cells 
undergo a fibroid transformation, and ^come converted into a 
dense feltwork of fibrillar tissue, which tifsue gradually dies away 
and becomes caseous. 
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ar^ confined to a single organ. This limited tuberculosis 
ditfbrs from the more general one only in lihe extent of 

• thA distribution of the infective .ihaterials. The miliary , 
lesions originate from some retrograde inflammatory pro- 
duct situated usually in the same organ as that in which 
they occur, and tlicir limitation is probably owing to the 
infective substances being disseminated by the lymphatics 
and serous canals and not by the blood-vessels. This 
will be again referred to in the chapter on “ Pulmonary 
Phthisis,” and also in the following description of the 
tuberculous process as it occurs in the several organs and 
tissues. 

CoNCF.TJSioxs. — Having thus described the histological 
characters of tuberculous lesions, it remains to consider 
the relation which subsists between these lesions aud the 
products of non-tubcrculous inflammations. The tuher- 
culous lesions being inflammatory growths— th^ result of 
the injurious influence of infective particles upon the 
small areas of tissue with which they come into contact — 
why do they differ from the tissue changes which 
accompany the ordinary leas intense forms of inflamma- 

• tion i' ■ answer to this question is at present far from 


It rnuTt admitted that constitutional conditions 

,• siderably the occurrence and character of 

tuberculosis ■ processes occur, for the most 

])art in tli® scrofulous, and the products of some 
mmation are the most frequent infective 
agents. Cr.nstitat?.““^ conditions may probably thns so 

-"‘f that conditio’* may 

.he effect prodncec disseimnation 9! the 

infective particles, and 
derived from a caseous o' 

certain conditions of the .8*1? nse to tnbet- 

culons processes, whilst in ®*^®” dissemination is 
unattended by change. 
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The histological peculiarities of the tuberculous lesions 
appear also tt) depoiid luaiuly upon constitutional coifdi- 
tions. The iuHuonce of scrofula upon the liistologifcal , 
changes which accompany inllammation has already been 
seen, and f«wn the close histological relationship which 
subsists between the disseminated nodules mot with in 
tuberculosis and the more ditfused lesions produced by 
priinar}' inllammation in scrofulous subjects, and also 
from the fact that it is in the scrofulous that tuberculosis 
most frequently occurs, we may, T think, assume that the 
(;}iaract(‘rs of tuberculous lesions also arc dependent upon 
a constitutional state. 

In both scrofulous intlamrnation and tuberculosis there 
! ' a tendency to the development of large cell-forms and 
j the formlition of a lowly organised and uon-vaHcularised 
'iructure which soon undergoes retrograde changes, 
lose characters of the inllamuiatory new growth appear 
I 1110 to be probably due to the iutlaminatory .process 
curring in tisvsues of such low vitality that the cellular 
jidiammatory products are incapable of forming an 
organised vascular tissue, but merely undergo some 
increase in size and then tend to slowly degeneraie. ^J’he 
protoplasm grows, th (5 nuclei multiply, but the Jiigher 
nianifestaiiou of vitality — the subscjpient division of the 
protoplasmic raass -d<jes not take place, and thus are 
produced the giant cells. 


TUBfUU’ULOSlS OF TllJS FFA MATliJl. 

In the pia mater the tuberculous process is associated 
with infiamniation of the meninges, constituting the con- 
dition known as tuhercidar mimiufjitlH. This is almost 
invariably a part of a general tuberculosis. 

M^he process is almost exclusively contined to the pia 
mater, as# the base of the brain, and the tuberculou . 
nodules — which may easily escape observation — are seeii 
in connection wdth the small art^ies in the Sylvian 
fissures, and deeply seated between the convolutions. A 

• V % 
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few scattered granulations are, however, frequently visible 
oif the upper surface of the hemispheres. The inflamma- 
,to%- growth originates in the perivascular lymphatic 
»h('aths which enclose the sraull arteries of the pia mater. 
(Fig. 82 .) The cells of the sheath multiply, .'iad the pro- 
Fig. 82 . 



MiVonj Tuhnrk in the Pin Mater. — Tlir* dutti'd liup iudicatos 
tln! Di iginal sizi' of tlm tuborcular uoduli*. A. 'Flu* lymphatic 
Klioatli. V. Tlio blood-vessol. F. l^roliferatiou of elements 
within the sheath, x lUO. (Coriiil and KanWer.) 

cess of proliferation commencing at separate centres, 
numerous small grey nodules are produced around the 
vessel. These, which are distinctly visible to the naked 
eye, eause-an external bulging of the sheath, and a dimi- 
nution in the calibre, or even complete obliteration, of the 
enclo.scd vessel. 

G’he localised obstructions to the circulation which re- 
sult from the pressure of the perivascular nodples cause 
intense hypermrnia of the collateral vessels, and thus the 
pia mater, at the base of the brain becomes exceedingly 
vascular, there being in some cases rupture of the vessels 
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and extravasation. This is followed b}' a more general 
inflammatoTty- process — a trne basic meningitis. A 
dation of the liquor sanguinis takes place froii^ the 
hyperaimic and injured vessels, blood-corpuscles escape, 
and thus tjie meshes of the pia mater become infiltrated 
with a scro-fibrinous, and often purulent liquid. 

The olhanges in the pia mater at the base of the brain 
are attended by softening of the immediately subjacent 
cerebral substance, which becomes infiltrated with young 
cells. The lateral ventricles at the same time become 
distended with serum (acute hydrocephalus), so thet the 
convolutions on the surface of the hemispheres are seen 
to be much flattened. The ependyma and choroid plexus 
also become exceedingly vascular, and the walls of the 
ventricles, together with the fornix and soft commissure, 
become much softened. All of these changes are owing, 
partly to an inflammatory procesgj, and partly to the 
mechanical obstruction to the circulation caused by the 
tuberculous growth. In addition, the arachnoid membrane 
is dry and sticky.- 

TiJ»EKcuLoi;s Masses in tjie Brain.— In addition to the 
miliary lesions occurring in the jjia mater in tubercular 
meningitis, largo tuberculous masses are occasionally met 
with in the brain un associated with a general tuberoidous 
process. These masses, which vary in size from a hazel- 
nut to a hen’s egg, commonly occur in the cerebral sub- 
stance, especially at tho'basc nf the brain. They are of 
a pale yellow colour and firm consistence, and usually 
form quite round globular tumours. Their surface is often 
seen to be covered with minute grey nodules, which extend 
into the surrounding tissue; and on section, similar nodules 
are sometimes visible, scattered through the substance of 
the tumour. In most cases only one or two such masses 
are found, but occasionally they are more numerous. They 
occur especially in childhood, and usually in children in 
whom there is a general tendency to caseation of inflam- 
matory products (“ scrofulous '* children). When ex- 
amined microscopically they ard^fonnd to be made up of 

u 2 



292 


INFLAMMATIOlSr. 


an adenoid structure and large branched ceils, such as 
has t)een already described as so characteristic of tuber- 
culojjs lesions. This structure — which is best seen in the 
peripheral portions of the tumour~is often concentrically 
arranged around blood-vessels, and is found azndergoing 
in dillerent parts fibrous and caseous metamorphosis. 

Kespecting the nature of these masses and the^way in 
which they originate, it is difficult to speak with cer- 
tainty. From the fact that miliary nodules are so often to 
be seen on their surface and extending into the surround- 
ing tissue, it is supposed that they originate by the aggre- 
gation of such ntxlules — that tlic primary nodule con- 
stitutes an infective focus, and so causes a succession of 
growths ill its immediate vicinity. This hypothesis is pro- 
bably correct. Occasionally the tubereiiloiis mass causes 
a more general infection, and so gives rise to tubercular 
meningitis or to a gciKU’al tuberculosis. 

TUBlillCULOSTS OP LYMPHATIC CrLANDS. 

In the lymphatic glands, tuberculous processes give 
rise, in the first place, to changes in the peripheral por- 

Fio. 83. 



l^etcnlosis of a Lymphaiic Gland . — The earliest stage 
of the process, showing the giant cell, x 200. ' 

lions of the gland, inasmuch as it is with these that the 
infective materials which are conveyed by the lymphatic 
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vessels first tome into contact. The active changes iif 1-he 
f?land begin with the formation of a large inultinucl^jitetl 
branched cell. (Fig. 83.) In the earlier stage of the 
process sm^l grey nodules are visible scattered through 
the cortex. These gradually increase in size and become 
caseous.# The gland then becomes enlarged, the distinc- 
tion between its medullary and cortical portions becomesi 
lost, and it becomes changed to a greyish homogeneous 
mass, in which are varying sized tracts of caseous ma- 
terial. The now growth very frequently undergoes a 
marked fibroid development, so that the caseous masses 
are surrounded by a dense fibroid strucinre. The caseous 
])ortions of the gland may subsequently soften, dry up, 
or calcify. 


TUBERCULOSIS OF MUCOUS MEMBRANES. 

In mucous membranes the development of tuberculous 
nodules is usually secondary to some primary inflamma- 
tory process which leads* to ulceration of the membrane. 
The intestinal, the urino-genital, and the respiratory 
mucous membranes may all be the seats of a tuberculous 
growth. 

The Intestine , — In the intestine the occurrence of true 
tuberculous processes appears to be almost invariably 
preceded by primary inflammatory changes in the intes- 
tinal lymphatic structures. These changes have their 
seat in the solitary and Peyer’s glands, and, as in typhoid 
fever, it. is especially these structures in the lower part 
of the small intestine and in the caecum which are 
affected. 

The first stage of the process consists in an inflamma- 
tory hyperplasia of the lymphatic elements. In Peyer's 
patches this hyperplasia usually affects isolated follicles 
in the pt^jbefi. The solitary glands and certain follicles in 
the patches thus become swollen, and project with undue 
prominence above the surface of the membrane. The 
newly formed elements then undergo retrogressive 
changes— 'they soften, the degeneratioti in the pati^es 
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commencing at several separate centres, arfd often ex- 
tending until the whole patch becomes destroyed. As 
the result of these primary inflammatory changes an 
ulcerated surface is produced, the floor a^d edges of 
which a^’e more or less thickened, owing to the extension 
of the inflammatory infiltration into the submucous con- 
nective-tissue. This is a simple ulcer, and its production, 
so far, is quite independent of a tuberculous process. 

What must be regarded as a tuberculous change occurs 
.subsequently to the primary ulceration, and it consists in 
the development of small nodules of new growth in the 
floor of the primary ulcer. The development of these 
nodules appears to take place principally around the 
blood- ve.ssels, and as these are arranged transversely 
around the intestine, the new growth proceeds in the 
same direction. These secondary nodules of new growth, 


Fig. 84. 



A Tubercuf/ir Ulcer of the Intestine, (Piagrammatic.) 
a, Kpitlielial lining. ft. Submucous tissue. 

(*. Muscular coat. d, reritoneum. 

like the primary inflammatory product, soften and be- 
come caseous, and thus the process of ulceration gradu- 
ally extends transversely until the whole circumference 
of the gut may be de.stroyed. The ulcer thus produced 
presents a strong contrast to that of typhoid. Its edges 
and base are thickened and indurated, and the tuber- 
culous nodules, tending to become caseous, are ‘ seen 
scattered in its floor. (Fig. 84.) 

The tubercular ulcer rarely, if ever, heals. Qwing to 
the thickening of the tissues at its base, perforation is 
quite an exceplionat occurrence. In the process of its 
extension the ulceration is attended by some contraction 
narrowing of, the gut. 


TUBEJ'tCULOSLS OF THE LUXOS. i>05 

TIJBEUCITLOSIS OP THE LUNGS. 

Tiibercnloiis processes occur in the lungs as a pant oft 
a general tuberculosis, and also in many cases of pul- 
monary phthisis. The nature of the resulting iiillam- 
matory lesions is similar in both. It will bo well, how - 
ever, in the present place, more particularly to describe 
these lesions as they occur in the general infective dis- 
ease. The more limited processes which take place in 
phthisis will bo again referred to in a subsequent 
chapter devoted to the consideration of this aifcction. 
(See “ Pulmonary Phthisis.”) 

The pulmonary lesions met with in general tuberculosis 
consist, for the most part, of disseminated nodular 
growths, which are universally known as miliary tuber- 
cles. These growths are of two kinds— the r/re?/ and 
the yellow. The grey arc semi-transparent nodules of a 
greyish- white colour, varying in size from a small pin’s 
head to a hemp-seed. They arc somewhat splierical in 
shape, and usually possess a woll-dolined outline. Some- 
times they are firm, and almost cartilaginous in consis- 
tence ; whilst in other cases they arc much softer and 
almost gelatinous. Tliese softer forms, instead of being 
semi-transparent, are more opaque and white. The yellow 
are, for the most part, larger than the preceding, many of 
of them much so, some being as largo as a i)ca. They are 
also softer in consistence, less defined and regular in out- 
line, and they pass .more insensibly into the surrounding 
tissue. Many of them possess a greyish-white translu- 
cent margin, which may be pretty firm in consistence, 
but never so hard as are many of the grey nodules, 
whilst their central portions are opaque, yellowish, or 
caseohs. 

. Both the grey and the yellow nodules are often found 
associsffced in the same lung; in other cases the grey 
nodules only are mot with,; whilst* less frequently, nearly 
all the growths are* of the yellow^variety. The condition 
of the pulmonary tissue which is situated between the 



296 


INFLAMMATION. 


nodules vnries oonsidoraLly Tt niny ))e perfectly normal, 
more or less congested and a'dematous, or it may present 
varying sized tracts of greyish, granular, friable consoli- 
dation. A perfectly normal condition of the intervening 
pulmonary tissue is found in many of thdVio cases in 
which all the growths are of the firm, grey variety ; but 
wh(‘n there are numerous yellow or soft grey nodules 
the lungs are nearly always more or less congested or 
consolidated. 

When these nodules are examinc'd inieroscopically they 
are a»'en to exhibit two difFenmt kinds of structure— viz., 
tlie adenoid btructiire with branched mult iiiuclea ted cells, 
which has been already described as ihat which is the 
most characteristic of tubciculous lesions, and accumu- 
lations of o])ithelial cells within the pulmonary alveoli 
(catarrhal pneumonia). There is, however, this marked 
difference between the various kinds of nodules- that 
whereas the smaller fiim grey ones are constituted 
almost entirely of the first-named structure, the larger 
soft grey, and most of the yellow ones, consist largely of 
the iutva-alveolar accumulations. 

Firstly, with regard to the sott grey and yellow nodules. 
Most of these when examined with a low magnifying 
power present the ajipearance represented in Fig. 85, the 
nodules evidently consisting largely of accumulations 
within the alveolar cavities. When more highly magni- 
fied their constitution becomes more apparent. It is 
then seen tliat the alveolar cavities are tilled with epithe- 
lial elements and small cells resembling leucocytes, whilst 
the alveolar walls are more or less extensively infiltrated 
and thickened with lymphoid cells. (Fig. 86.) In many 
cases the ccntnil portions of the nodules will be seen to 
have undergone extensive degenerative chiinges, and to 
consist merely of a structureless granular d4bris, so that 
the accumulations within the alveoli and the cellular 
iufiltration of the alveolar walls are only visible at their 
periphery. This is always the case in the distinctly 
yellow tubercles, (Fig. 87,) 
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Tke histological characters of the firmer grey nodules 
differ somewhat from the preceding. In these the cellu- 
far infiltration and thickening of the alveolar wall is 
much more marked, and many of the alveolar cavities 

Fio. 87. 





A portion of a YcJtow Tubercle from the Lung in a 
Ca$e of Acute Tuberculosis. — Showing tlio degeneration 
of the c<-ntral portions of tlic nodiilo r, andethe cellular 
thickening of tlio alveolar walls and accumulations 
within the alveolar cavities at tho periphery p. x lOO. 

are occupied by giant cells, those probably originating, as 
described by Dr. Klein, from the alveolar epithelium.* 

* These largo multiniieleated cells are stated by. Dr. IClciu 
{loc. aY)to originate either by tho fusion of tho alveolar epithe- 
lium, or by tho excessive development of one epithelial cell. Since 
the publication of Dr. Ei dn’s statemeut 1 have fr<*<iueutly observed 
those cells situated distinctly in the alveolar cavities, and I have 
litye doubt they originate in the way he describes. 
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(Fig. 88.) Pii other cases, the alveolar structure has Com- 
pletely disappeared, and the tubercle, when exanjineij 
with a low magnifying power, appears as a little somewhat 
sphoroidai^iass, the cellular elements of whicl^re seen 
to be grouped around separate centres. (Fig. 89.) When 
more highly magnified, these centres are seen to corro - 


Fig. 88. 



/I portion of the mord external jmrt of a Grey Tuberda 
from the TMoginacase of Aaite TubereafoHie . — Showiug 
tho exti'Dsivo infiltration and thickening; i>f tiio alveolar 
walls, 1111(1 the giant (jells within the alveolar ejavitics. 

X 100. 

spond with the large multinucleated branched cells already 
described, and*the small-celled structure grouped around 
them, as is wdll shown in Fig. 79. This is a fully deve- 
loped tubercle of the lung. The small- cel led slnicturc at 
the peripheral portions of the nodules extends into and 
produces a thickening of the walls of the alveoli with 
which the nodule is incorporated. (Fig, 90.) In the tuber- 
cles thus constituted, extensive retrogressive changes 
rarely occur. Degeneration is slow and very incomplete, 
and the nodule often becomes imperfectly fibroid. 

Respecting the cause of these differences in the histolo- 
gical characters of the miliary Idkions in the lungs — I 
believe them to depend upon ^ffcrences in the age of the 
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nodiflos, and in the intensity of the tuberculous process.* 
If the intensity of the process be considerable, the nodules 
will co?iji8t in the main of accumulations of epithelium 

Fio. 81). 



A firm Tnbcrdefrirtn the Lun<f in a case of Acute 
Tuberculosis^ — Sliowiiif^ the gioiipiiif? of tlio elomeuts 
aruund ci;Titn‘S, the nodulo cousistlug of 

Sfvcral giaut-coll systems, x JJ3. 

• 

within the pulmonary alveoli, and the nodulo will rapidly 
undergo disintegration. (See Fig. 87.) If the process be 
less intense, and .the nodules attain a more advanced age, 
degeneration will be less rapid and complete, the cellular 
infiltration and thickening of the alveolar walls will be 
greater, and the epithelial elements may form large mul- 
tinucleated cells. (See Fig. 88) Lastly, in the least 


• Tutonsity comprisos two factors — severity of injury and sua- 
reptibility of iujured tissim* In scrofula, for example, the suscep- 
tibility of the tissue is gr^at, and the intensity of tuberculous 

processes is often coi^siderable. (See ** Inflammation.”) 
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intense and most chronic processes, the developmci^ of 
nmltinucleated elements and the formation of the net- 
work of branched cells reaches its maximum (see 
and by), degeneration takes place slowly in tlm^utrul 
portions o&4he nodule, and there is often considerable 
fibroid induration of the new tissue. There is thus a 


A small portion of tJm inost rjrternnl part of n firm drep 
Tnbcrde from thf Lm;i in a ense of Avnte Tuhorvnhsis . — 
Showing the iiic(qioi-ation of tho nodule with the alveolar 
wall a. X 270, 

close analogy between the tissue changes resulting from 
tuberculosis of the lungs and those which result from other 
inflammatory pfoccsses. (See “ Chronic Inflammations,”) 
The degeneration of the lesions is mainly owing to the 
interference with their vascular supply, caused. by the 
pressure exercised upon the blood-vessels by the intra- 
alveolar accumulations, and the obliteration of the vessels 
by the cellular infiltration of the alveolar walls.# 

* For a more comploto account of Pulmonary Tuberculosis see 
“ The Pathology of Pulmouary Cousuraption.’’ By the Author 
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PYAEMIA AND SEPTICA5MIA. 

Thk diseases known as Pyaemia and Septicmutia result 
from the ahsori)tion and dissemination of septic suh- 
fitances, derived usually from the products of some acute 
inflammation. They are very closely allied, and very 
frequently associated. Septiciomia, however, is a some- 
Avhat more sim])le process, and it will therefore be con- 
sidered first.* 

SEeTlCJSMIA. 

By Septioannia is generally unckTstood those forms of 
se[)tic poisoning which are unaccompanied by the 
development of secondary centres of inflammation or 
suppuration. 

When a person receives an external injury sufficient to 
j)roduce a wound of considerable extent, the resulting 
inflammatory process is usually followed by a general 
disorder of the vital functions, the most prominent 
symptom of which is pyrexia. This pyrexial state, which 
so commonly occurs after surgical operations and other 
extensive local injuries, is what is usually known as fran- 
maiic or surgical fever. Respecting the cause of this 


♦ The terms pya*irna and septicaemia are used in different senses 
by different pntfiohigists, and our knowledge of these and allied pro- 
cesses is still undoubtedly incomplete. The ll<moit of the Ooiw- 
mittee appointed by the Pathological Society of Loudon to inves- 
tigate the rial lire find causes of Fywmia, Septicaemia, and Purulent 
Infection, is an oflmirable account of what is at present known of 
these subjects. Traits, S(tc. Lend. 1S79. 
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i'ever — it is jprobably mainly due to the absorptioji of 
small quantities of decomposing^ matter from the surface 
of the wound. Whatever, therefore, prevents aeptid 
cbanpfes in the infiamrnatory products, or interji^^ with 
the absorption of the septic fluids, will prevent^the fever. 
Absorption, as will be seen presently, is prevented by the 
formation of healthy granulation tissue. 

Closely allie<i to this traumatic or surgical fever is the 
condition known as septircRviia, Here, also, there is an 
absorption of sejitic matter from some local lesion, but 
tlie general disturbance of the vital functions to which it 
gives rise is much more considerable. Septiemmia appears 
therefore to dilFer from simple tmumatic fever mainly iu 
tills — that in it the infective x^rocess is one of much 
greater intensity. No shaiqi line of demarcation, how- 
ever, can be drawn between the two. 

The clinical phenomena of scpticirmiie, as observed in 
man, are characterised not only by pyrexia, but also, in 
severe cases, by vomiting, diarrheea. muscular enfeeblc- 
ment, affecting partumlarly the hccart and respiratory 
muscles, and ultimately a condition of collapse which 
tends to terminate in death. After death the blocwl is 
found to be darker and less firmly coagulated than usual. 
Extreme congestions and ecchyinoses are met with in in- 
tt*rual organs, esiiecially in the heart, lungs, and gastro- 
intestinal mucous membrane.' The spleen, liver, and 
other viscera are enlarged, friable, and abnormally vascu- 
lar; and little patches of lymph are seen on the pleura 
and pericardium. Metastatic abscesses and all other 
secondary inflammatory lesions are completely absent. 
Such i)ure uncomplicated cases of septiemmia arc, how- 
ever, comparatively infrequent, the septicjumiii being 
usually associated with the development of secondary 
inflammations — a pyjemia. A simple septicspmia is 
perhaps most common in the puerperal state (Puerperal 
Septiemmia). 

In studying the pathology of sej^iesamia we must con- 
sider — 1. The nature of the infective material—the septic 
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pois«>n, and the conditions under which it produced ; 
2. The circumstances which influence its absorption and 
cliasdKnnation ; and 3. The changes which it produces in 
the cir^ating blood. Our hnowledgo on all these 
questions has been derived mainly from the elfjerimcntal 
investigation of infective processes induced in the lower 
animals ; and amongst those who have contributed most 
largely to this knowledge during the past few years are 
Professors Pillroth, Bergmann, Koch, and in our own 
country, Dr. Burden Sanderson.’* 

1. TJte Septie —Firstly, with regard to the 

infective material, and the circumstances under which it 
is produced. In the natural disease this material origi- 
nates in connection with some local inflammation, or 
jnuch less frc(jucntly with some wound in which no ir- 
llammation is present — as the uterus after delivery. It 
is in the albuminous liquids of such local lesions tliat 
the sciatic poison is produced, and its production appears 
to be invariably associated with the pui tul dccompositUm 
of the liquid. In the. disease artificially induced in the 
lower animals the poison is introduced from without, and 
consists of some putrid liquid, such as a putrid infusion 
of raiisclo. 

It is well known that the putrid decomposition of 
Fig. 91. 



Ftfilti Pm from an Empymna . — Showing common 
forms of bacteria amongst the pus-corpiiscles.. ^ GOO. 


I.octm*os on the Iiifective Processes of Disease,” by Dr. 
lUirdou Sanderson, (leliv«;'od at the University of Loudon : Brit. 
Med. Juuni.^ Dec. 1877, and Jan. 1878. 



SEPTICAEMIA. 


305 


albuminous liquids is always associated with the presence 
in them oihc&ieria, or their germs. (Fig. 91.) In a series 
of experiments made in the laboratory of the Bmwni 
Institution in 1872, with the object of determini^ig the 
nature of iljio septic poison, Dr. Sanderson ^^nd that 
these, or similar organisms, abounded in all liquids which 
were capable, when introduced into the circulation of an 
animal, of producing septicaemia ;* and from the results 
of these and other more recent experiments, Dr. San- 
derson concludes that the a{fencij of hacteria is essential 
for the %)roduction of the seiAic poison. 

But although the production of the poison appears to 
be invariably associated with the presence of bacteria, it 
is something (piite distinct from the process of simple 
putrefactive decomposition. That this is so has been 
pr^vediby Bergmann, who has shown that the poison can 
be produced by the action of bacteria on non-albuminous 
liquids ; and also that if bacteria be grown in such non- 
albuminous li<iuids, the first crop, which are rod-shaped, 
active organisms (bacteria proper) are inert ; but as the 
process of cultivation proceeds, sjiheroidal and less active 
organisms are produced (micrococci), and the liquid 
becomes intensely virulent. From those facts Dr. San- 
derson infers that the poison is not a product of the 
septic disintegration of protein substances, 
thing much more intimately associated with the 
and growth of the organisms themselves. 

The production of the poison being thus depemiS^ 
upon the agency of bacteria, the question arises whether 
its effects are due to the direct action of the organisms 
themselves. In answer to this question, the results of 
Dr. Ander’s experiments appear to be conclusive. This 
observer has shown that the complete destruction of the 
organisms in a liquid which has l^en proved to be septic 
in no way ^impairs the virulence of its action.f 

* “ Trans. Path. Soc, Lond^” vol. xxiii. 1872. 

t Ander’s “Giftige Wirknng von diu%h Bakteiien betrttbte 
Nalirillissigkeit I>eut8o/te ZeiU^r{ft fUr ChirurffiSy vol, vii. 

• X 
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Trorn these investigations we must therefore conclude 
thaii the septic poison is a product of the growth of 
• bacteria ; but, says Dr. Sanderson, bacteria are incajpable 
of the poison in the healthy organisvfi. The 

conditio&^liich appears to be necessary for 4te develop- 
ment of the poison, is some abnormal state of the living 
tissues, such as is produced by injury. It is in the pro- 
ducts of such injured tissues that the development of 
the bacteria and the production of the poison can take 
place, and it is consequently in some inflammatory lesion 
that septic processes most frequently originate. 

Inasmuch as the agency of bacteria is essential for 
the production of the septic poison, it will be readily 
understood why, in the majority of cases, septicaemia 
originates from lesions which aro in direct communication 
with the ejoternal ali\ and also why the development of 
septic processes is favoured by the crowding together 
of persons with open wounds ; for, as pointed out by Mr. 
Savory, the decomposition of an animal fluid is hastened 
by the introduction into it of any other animal matter 
which is also undergoing active putrefactive change.* 

2. The absorption of the Ihison , — Having discussed the 
nature of the poison, and the circumstances under which 
it originates, it remains to consider how it becomes 
absorbed and is disseminated. Putrid liquids in contact 
with injured tissues— liquids capable of producing the 
most intense septic processes if artificially inoculated — 
do not always become absorbed. The causes which in 
some cases favour their absorption, and in others prevent 
it, must be looked for, according to Mr. Savory (Zoc. cit), 
in the condition of the tissues with which they are in 
contact. A fresh wound is a very , readily absorbing 
surface, but Billroth and others have shown, experi- 
mentally, that healthy granulations 6flfer a decided 
obstacle to the absorption of fluids from thejr surface. 


* ** Discussion on Pyieinia at Clinical Society.” Mr. Savory.— 

Tram, iJlin, Soo, Lond.^ wl. viL p. Izxvi. 
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When, however, the granulations become partiallj^ de- 
stroyed, or are in an unhealthy condition, fluids readily 
permeate them. It must, then, be considered as e^eed* 
ingly probable that the absorption of the poiso'i is in- 
timately c^nected with some abnormal conj^aftTon, due to 
injury or disease, of the tissues with which it is in contact. 
The poison, when absorbed, is disseminated by means of 
the veins and lymphatics. 

3. Ckangea 'produced hy the Poison in the Bhod,^ 
Bespecting the changes produced by the septic poison in 
the circulating blood, and in the organism generally — 
the results of the experimental prod action of septicfeinia 
show that, in many cases, these are in direct proportion 
to the quantity of the poison that is introduced*; whilst 
iu others the poison multiplies after its absorption, and 
its effects, therefore, are not proportionate to the quantity 
absorbed, but the intensity of the process gradually in- 
creases. In the former case the blood, merely containing 
the original quantity of the poison much diluted, is inca- 
pable of setting up a similar process in another animal ; 
whereas in the latter, inasmuch as the poison increases, 
the smallest drop of blood may be intensely infective. 
Clinically, these two classes of cases arc still very imper- 
fectly distinguished.* The multiplication of the poison 
will be again alluded to when speaking of pymmia. 

Before concluding this part of the subject, further 
allusion must be made to the character of the blood in 
septicaemia, and to the changes which are observed in the 
organs after death. The extent to which the blood is 
nJ^red varies considerably, both in septiemmia and 

* According to the report of tho comiuittoe appointed by the 
Pathological Society, already alluded to, those cases of scpticsemia 
in which thoro is no moltiplication of tlie poison in the blood are 
due simply to the absorption of the chemical products of putrofac- 
«tion (‘^Septic Intoxication'’); those cases in which the poieou 
multiplies land in which the disease is truly infective (communi- 
cable by inoculaflou from animal to animal) depend upon th (3 
absorption of some virus which is developed in the decomposing 
organic matter (** Septic Infection”). The two conditions may be 
associated. — Trems, Path, Soc, Z<md,j 1879. 

X 2 
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pyaomia, according to the virulence of the poison. In 
the more severe cases this fluid is darker in colour and 
coag^ates less perfectly than in health. The red corpuscles 
also tSi(Ho aggregate in clumps instead of rouleaux ; and 
they ofte^^dergo disintegration during life,^ that the 
serum is stained with hasmoglobinimmediately after death. 

One of the most important features, however, in con- 
nection with the blood is the marked tendency to conges- 
tion and blood-stasis which characterises both the 
natural and the artificially induced diseases. With re- 
gard to the causes of these circulatory phenomena — the 
investigations of Dr. Kohler appear to show that they 
are partly due to the destructive action of the poison on 
the white blood-corpuscles, and the consequent liberation 
of the ferment upon which the process of coagulation 
depends.* (See Thrombosis.”) From the report of 
the committee appointed by the Pathological Society, 
three other circumstances appear to be concerned in 
their production— viz., the occlusion of the small blood- 
vessels by micrococci, the destruction and shedding 
of the vascular endothelium, and hypertrophy of the 
inti m a. The microscopical examination of the various 
organs from cases of septicaemia and pyaemia by the 
members of this committee showed that the capillaries 
were frequently occluded by dense aggregations of 
minute spherical organisms imbedded in a homogeneous 
substance ; and that similar organisms adhered in 
masses to the walls of the larger vessels. Bacteria were 
found much less frequently. The endothelium of the 
blood-vessels generally was here and there detached ; and 
the intima was often considerably thickened, in some 
cases so much so as to considerably dimmish the lumen 
of the vessel. The importance of these changes as causes 
of congestion and thrombosis is sufficiently obvious. 


• “U.ober Thromboso and Transfusion, Eitsr and septisoh 
Infection und doron Boziobung zum Fibrinfennent,^ by Dr. Armin 
Kbhler. Dorpat, 1877. * 
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PYiEMIA. 

Pyasmla, as already stated, appears to result fro»-A tbe 
development and absorption of the same poisoj^ that 
which gi^% rise to septicaemia. The two jjirfnditions are 
thus closely allied, and they are very often associated. 

Pyaemia differs from septicaemia in this respect — that 
in it the absorption and dissemination of the poison gives 
rise not only to an alteration in the blood and a general 
disturbance of the vital functions, but also to the produc- 
tion of secondary foci of inflammation — the so-called 
melastatic nhscesses. It is the production of these 
abscesses, and of other more diffused inflammatory 
lesions, which is the distinctive character of pyiomia. 
It is thus probable that pyaemia is invariably associated 
with more or less septicaemia, and it may bo regarded as 
a septicaemia in which there are disseminated inflamma- 
tions and suppurations. 

Pyaemia being thus the result of the absorption of the 
same poison as that which gives rise to septicaemia, 
all that has been said respecting the origin and nature 
of this poison, and the circumstances which influence its 
absorption and dissemination from the focus of infection, 
applies equally to both diseases. What remains for con- 
sideration are the differences in the effects which are 
produced. It will be well, in the first place, however, to 
describe briefly the pymmic lesions. 

The lesions which are the most characteristic of pyaemia 
arc the so-called metastatic abscesses. These present 
certain peculiarities. In their earlier stages they usually 
consist of somewhat reddish, friable, granular-looking 
masses of consolidation, which are surrounded by a thin 
zone of red hyperaemic tissue. These masses are fre- 
quently wedge-shaped, the apex of the cone being towards 
the centre of the organ. They vary considerably in size, 
some not being larger than a small pea, whilst others 
exceed the size of a chestnut. Th%consolidated mass Soon 
assumes the characters of an abscess. Its more central 
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portions become softened and purulent, and ultimately it 
tends to become converted into a collection of pus and 
^rokd^down tissue, this being still surrounded by a thin 
red zone o^nduration. These metastatic abscesses are 
met with rS^^t frequently in the lungs ; but^lhey also 
occur in the liver, spleen, kidneys, and in other internal 
organs. They are more commonly found near the surface 
than in the more internal portions of the organ, often 
being situated immediately beneath the fibrous capsule. 

In addition to these abscesses, more diffused inflamma- 
tory lesions are mot with in pymmia. Those consist chiefly 
of suppurative arthritis, and of inflammations of the sub- 
cutaneous cellular tissue and serous membranes, espe- 
cially of the pleunn and pericardium. 

With regard to the pathology of the metastatic 
abscesses— they are, for tho most part, of embolic origin, ^ 
the emboli originating in tho thrombi which form at the 
seat of the primary lesion. The circumstances under 
which thrombi formed in the vessels of a part become 
softened or broken-up, so as to furnish embolic plugs, and 
the way in which these plugs may set up acute inflamma- 
tory processes at tho seat of their arrest, has been described 
in the chapters on “ Thrombosis” and “ Embolism.” It 
will be sufficient in the present place to state that in the 
course of a pyaomio process tho coagula which form in the 
vessels at tho scat of the pyaemic inflammations become 
infected with the pyaamio poison, and if they soften or 
become broken up so as to furnish embolic pings, these 
plugs cause secondary suppurative processes in the parts 
in which they become arrested ; and it is to the dissemi- 
nation of these infective emboli that the formation of 
the majority of the metastatic abscesses in pyaemia is 
owing. The more diffuse secondary inflammations of the 
subcutaneolis connective tissue, and of serous and syno- 
vial membranes, are probably often unconnected with 
embolism, but are due directly to the altered condition of 
the blood. 

The prominent part which is played by thrombosis and 
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embolism in the pathology of these infective processes 
probably accounts for the fact, that these processes are, 
in the majority of cases, associated with the develop/nenfr 
of metastatic abscess and other secondary inflammations 
— in othe»c7ords, that pymmia is so much^/l*e common 
than pure septicmmia. The blood-vessels or the primary 
lesion which serves as the starting-point of the infective 
process — usually a local inflammation — can rarely be free 
from coagula, and hence not only is the absorption of the 
poison often delayed (or even prevented), but, when it 
does take place, it is usually associated with the dissemi- 
nation of solid substances derived from the coagula them- 
selves (emboli). 

The occurrence of thrombosis and embolism also 
appears, in some cases, to influence the intensity of the 
infective processes. In simple septicoomia it has been 
seen that the changes produced are often in direct pro- 
portion to the quantity of .the poison which is absorbed 
from the primary lesion. In pymmia, however, Dr. San- 
derson says, the poison probably multiplies within the 
organism. In attempting to explain this, the experi- 
ments on the cultivation of the poison are of much value. 
These experiments prove not only that the poison can be 
produced by cultivation, but also that in an artificially 
produced septic liquid the virulence of the liquid increases 
with the development of the bacteria. A similar culti- 
vation of the poison probably sometimes occurs in pyio- 
mic processes^ the original poison produced at the primary 
lesion increasing in the secondary and tertiary foci of 
inflammation, and not only increasing, but perhaps 
becoming more virulent. Although, however, this may 
occur in some oases of pyaemia, it is by no means con- 
stant. In many cases secondary inflammations are the 
principal result of the dissemination of the septic emboli, 
and there is but little general blood poisoning. 
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SYPHILIS. 

Tins lesions occurring in the course of constitutional 
syphilis are for the most part inflammatory in their 
nature, but in their seat, distribution, and histological 
characters, many of them present certain peculiarities 
which make them quite characteristic of this disease. 
The primary syphilitic lesion (usually the indurated 
chancre), the secondary lymphatic gland enlargement, 
and the subsequent series of changes in the skin, mucous 
membranes, and later — in the nervous system, bones, and 
internal orgaiis, are all of them the results of chronic 
processes, allied to inflammation, induced by the syphi- 
litic poison. 

Tlie lesions, however, which must bo regarded as 
especially characteristic of syphilis, are of three kinds — 
certain fibroid indurations, a form of growth which is 
known as a gnmma dr syphilitic tumour, and certain 
changes in the arteries. These forms of lesion are very 
frequently associated, and in many cases it is difficult to 
draw any line of demarcation between them. 

1. Fibroid Changes . — Fibroid indurations are often 
associated with the gummata, and many fibroid lesions 
are simply the remains of what were previously gummy 
tumours. 

Fibroid changes also occur very frequently in the 
course of syphilis quite independently of ^immata. 
These changes consist in the development of a fibroid 
tissue precisely similai^to that met with as the result of 
ordinary chronic inflammation. (&ee Inflammation of 
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Common Ccnnective Tissue.”) The new tissue, vihich 
originates around the blood-vessels, and in the earlier 
stages of its growth is more or less richly cellular/ pro- 
duces a fibroid thickening of the affected area. These 
fibroid tHT(?kenings are characterised by th^-i!* localisation 
and by the irregularity in their distribution. They 
occupy, for the most part, small areas, and the surround^ 
ing tissues are unaffected. It is these peculiarities in 
their distribution and localisation, and not their his- 
tological characters, which render them so characteristic 
of syphilis. 

These fibroid changes are met with in various situa- 
tions—in the periosteum, in the sheaths of nerve-trunks, 
in the capsules and interstitial tissue of organs, and in 
muscle. When occurring in the capsules of organs they 
present very ch aracteristic appearances. In the liver and 
spleen, where they are the most frequent, they give rise 
to an irregularly distributed thickening and puckering 
of the capsule, which is exceedingly typical of advanced 
syphilis. The thickened portions are usually connected 
with dense fibroid septa which pass^ into the interior of 
the organ ; and there arc frequently also numerous strong 
peritoneal adhesions. The gummy masses, about to be 
described, are very often to be found in the midst of the 
fibroid growth. 

2. Gummaia , — These are perhaps more characteristic 
of syphilis than the fibroid lesions, with which, as already 
stated, they ano frequently associated. Thegummata, as 
usually met with, are moderately firm yellowish-white 
nodules, having often, on section, somewhat the appear- 
ance of a horse-chestnut. They vary in size from a 
hemp-seed to a walnut, and are surrounded by a zone of 
translucent fibrous-looking tissue, which sometimes has 
the appearance of a capsule, and which is so intimately 
associated with the surrounding structures that the 
enucleation of the mass is impossible. In the earlier 
stages of their development, whe^ they less commonly 
come under observation, they are much softer in consis- 
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teiic^y more vascular, and of a reddish-wljite colour ; 
whilst in their more advanced stages, owing to extensive 
retrogressive changes, they may be distinctly caseous. 

When the gummata are examined microscopically they 
are found Vs^consist in the main of atrophied', degene- 
rated, and broken down cell-products, embedded in an in- 
completely fibrillatcd tissue. There are, however, some 
marked structural differences between the central and ex- 


ternal portions of the growth. The central portions are 


Fio. 02. 



composed almost entirely of 
closely packed granular de- 
bris, fat granules, and cho- 
lesterin, amongst which may 
bo an exceedingly scanty 
librillated tissue. (Fig. 92 a.) 
Surrounding this and di- 
rectly continuous with it is 
a fibro- nucleated structure; 
whilst the peripheral por- 
tion of the growth is a richly 
cellular and vascular tissue. 


(Fig. 92 h, and Fig. 93.) This 

Oiimmy Growth from Lirer. — a. • i i ^ i .. 

Coutral ^rtions of grawth, con- penplieral ^Uular tissue, 
sistiug of gvunular ddbris. 6. Pe- which is in direct histological 

Hud Hanvier.) rounding structures, con- 

sists of small cells, many of 
which resemble white blood-corpuscles, wjiilst others are 
larger and nucleated like the cells of granulation-tissue. 
These cells are separated by a scanty, homogeneous, inter- 
cellular material and numerous new blood-vessels. 


The three zones above described, which are to be dis- 
tinguished more or less clearly in most of the fully 
developed gummy nodules, cori'espond with three diffe- 
rent stages in their growth. . The most oxtexnal zone, 
consisting of the vascular granulation-tissue, represents 
the early stage of development, and by the continuous 
formation of this tissue the growth may continuously 
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increase. Tke intermediate more fibrous zone represents 
the second stage in the process — ^the development of the^ 
Fio. 93. 



The Peripheral Portion of a Gummy Growth in the 
Kidney . — Showing the small-cdled granulation growth 
in the intortubular tiasuo. x 200. 

granulationTtissue into a more or less completely 
fibrillated structure. The characters of this fibrillated 
tissue vary in different growths. In some the fibrillation 
Fig. 94. 



a Gummy Growth in tke Sho-^g the 

mticuUted structure occasionally met with in 

intermediate zone of these formations, x 200. 

• * 

is very distinct; in others, the tissue is dense and 
cicatricial in character ; whilst, legs frequently, it con- 
sists of a reticulated structure within the meshes of 
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whkli are grouped round small cells. (Fig. 94.) The 
^central zone, consisting of the amorphous granular ma- 
terial, represents the oldest portion of the growth — that 
which has undergone retrogressive changes. The blood- 
vessels, w!}fc^ only exist in the zone of pTfbiiferation, 
appear to become obliterated in the process of develop- 
ment, and this accounts for the rapid degeneration of 
the central portions of the growth. It is probable that 
this obliteration of the blood-vessels may be due to the 
changes in the arteries about to be described. When the 
tumour is large, it may sometimes be seen to be made up 
of several distinct smaller growths, each presenting at 
its circumference the more perfect cells, whilst its central 
parts are granular and amorphous. 

It would thus appear that the first stage in the process 
of formation of these gummy growths consists in the pro- 
duction of a highly organised and vascular granulation - 
tissue. This new tissue, although it may develop into an 
incompletely fibrillated structure, soon undergoes de- 
generation. The degenerated elements become closely 
packed in the centre of the growth, whilst proliferation 
and incomplete fibrillation continue at the circumference. 
The central portions of the growth occasionally become 
calcified, but more commonly they gradually become 
absorbed, and a mere puckered fibrous cicatrix may thus 
ultimately occupy the seat of the original tumour. This 
is one of the ways in which the fibroid lesions originate. 

The gummata are the new formations most charac- 
teristic of syphilis. They are met with in the skin and 
subcutaneous cellular tissue, in the submucous tissue, in 
muscle, fascisa, bone, and in the connective tissue of 
organs — especially of the liver, brain, testicle, and kidney. 
They ’also occur, but much less frequently, in |||be lungs ; 
as do also simple localised fibroid indurations. When 
situated in the submucous tissue, the mucous membrane 
usually becomes destroyed, and a deep ulcer forms. This 
is seen in the pharyi^soit palate, tongue, larynx, and in 
other parts. These true gummy ulcerations must be 
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distinguished from the superficial ulcerations resulting 
from infiammatory processes in the lymphatic structures, 
which also occur in syphilis. 

3, Ohanges in Arteries , — Certain changes in the 
cerebral «sfceries have been described by Heubner as 
characteristic of syphilis. These chang<^s have been 
brought prominently before English pathologists by 
Drs. Greenfield, Barlow, and others and the investiga- 

Fig. 95. 


A 



Syphiliiic Disease qf Cerebral Arteries. 


A. Segment of middle cerobml aitcry, transverse section — 

ij thickened inner coat ; e, endothelium ; /, membrana 
fonestrata; m, muscular coat; o, adventitia, x 2u0, 
reduced 

B. Small artery of Fia Mater, transverso section, — Showing 

thi^ened inner coat, diminished lumen of vessel, and 
considerable infiltration of adventitia. The cavity of 
the vessel is occupied by a clot (? thrombus), x ioo, 
reduced 


• Trans. Path. Soc. Lond.,” vol. ixi/iii.^Visceral StfphUts, 
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tions of tho first-named of these observers wpuld tend to 
render it probable that similar changes occur in the 
•arteries in other situations. 

In the cerebral arteries the changes produce opacity 
and marked thickening of the vessel, with considerable 
diminution m its calibre. It is this diminution of the 
lumen of the vessel which is especially characteristic. 

When transverse sections of the vessels are examined 
microscopically, the principal change is seen to be situated 
in the inner coat. It is well shown in the accompanying 
drawings made from specimens kindly lent to me by Dr. 
Barlow. (Fig. 95.) This coat is considerably thickened 
by a cellular growth. The growth, which is limited 
internally by the endothelium of the vessel (Fig. 95a. e), 
and externally by the membrana fenestrata (Fig. 95a./), 
closely resembles ordinary granulation-tissue, consisting 
of numerous small round and spindle-shaped cells. This 
tissue appears gradually to undergo partial development 
into an imperfectly fibrillated structure. 

In addition to this change in the intima, the outer coat 
is abnormally vascular and infiltrated with small cells 
(Fig. 95a, a), and this cellular infiltration usually also 
invades the muscular layer (Fig. 95a, m). 

The result of these changes in the ihner coat is to 
diminish very considerably the lumen of the vessel (Fig. 
95b) ; and the consequent interference with the circula- 
tion frequently leads to coagulation of the blood (throm- 
bosis) and cerebral softening. 

Dr. Greenfield’s observations, as already stated, tend to 
show that similar arterial changes occur in other parts, 
and that they account for the degeneration of syphilitic 
gummata. 

SYPHILITIC DISEASE OP THE UVBB. 

The liver is one of the most frequent seats of ^syphilitic 
lesions. The most common change is the deyelopment of 
fibroid and gummy growths in the substance of the organ. 
These growths are strictly localised, the surrounding liver- 
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tissue beings bealthy. The growths — which are usually 
connected with fibroid thickenings of the capsule — 
sometimes consist simply of a dense fibroid structurd”. 
More commonly, however, gummy masses are found 
imbedded«Mi the fibroid growth. In the former case it is 
possible that the gummy mass may have become absorbed, 
leaving merely its fibroid cicatrix. 

The development of these growths produces very 
marked alterations in the form of the liver. Scar-likc 
depressions are seen on its surface, and the organ is 
irregularly, and often very deeply puckered. , 

A more general fibroid change, not associated with the 
formation of gummy masses, is occasionally met with in 
the liver in inherited syphilis. This change closely 
resembles ordinary cirrhosis, although the intercellular 
network of the liver is usually more extensively involved. 

Lastly, it must be mentioned that the liver in syphilis 
is frequently lardaceous. 


It is unnecessary to describe particularly syphilitic 
lesions in other organs, as they all present the same 
general characters— viz., strictly localised fibroid, or 
fibroid and gi^my growths. 
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INFLAMMATION OF NON- VASCULAR TISSUES. 

INFLAMMATION OF CARTILAGE. 

The phenomena of acute iiiHammation in cartilage, 
althougli comparatively rare in man, have been stiulicd 
by the artificial production [of inflammation in the arti- 
cular cartilages of the lower animals. They consist in 
changes in the cartilage itself, and in the vessels of the 
adjacent synovial membrane and bone, from which the 
cartilage receives its nutritive supply. Respecting the 
vascular changes, these are such as have been already 
described as characteristic of inflammation. 

The changes which take place in the cartilage itself 
have been believed to be accompanied by ftetivity of the 
cartilage cells, by their proliferation, and the production 
of new elements. Such changes are represented in 
Fig. 96. The results of recent investigations, however, 
tend to show that the cells of the cartilage really remain 
inactive in the process of inflammation, and that all the 
young elements are emigrants from the vessels. 

Whether the c^lls of the cartilage take any active part 
in the process or not, their capsules become destroyed, 
the intercellular substance softens and breaks down, and 
numerous small cells take the place of the original tissue. 
(Fig. 96 e.) As the process proceeds the new cells and 
granular debris escape from the surface of, the cartilage, 
which thus becomes irregular, presenting numerous 
elevations and depret^ions: this is acute ulceration of 
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cartilage. Whilat these changes are taking place in the 
cartilage itseff, numerous new blood-vessels are forSied 
from those in the adjacent bone or synovial membrane ; • 

Fio. 9G. 



Section of Inflamed CarliJage. — a. Tlio normal cartilage-, 
etills. 6. The Sfiirio enlarged, rf. Multiplication of ccdls 
within their capsules, e. Gn^at increase in the nunibt^r of 
the young cells, and destruction of the inttircellular sub- * 
stance, x 250. (Coruil and Rauvier.) 

the little loops of new vessels dipping into the softefied 
cartilage. This process of softening and ulceration may 
go on until the cartilage‘is completel}’’ destroyed, or it 
may become arrested. In the latter case the young 
cells form a granulation-tissue, this tissue fibrillates, and 
the lost cartilage thus becomes replaced by a fibroid 
structure. 

When the inflammation is less severe and runs a more 
chronic course’, the cellular infiltration is less abundant, 
and the intercellular substance is less destroyed. The 
newly formed cc3ls are more highly organised, and whilst 
many of them undergo retrogressive changes, others form 
a flbrillated tissue. .Irregular cavities may^hus be pro- 
duced in the midst of a flbrillated cartilage. 

Erosion of Cartilage . — LAllusiort must be made here 
to a morbid condition of cartilage which is common 
in people pdst middle life. It consists in the occurrence 
upon the surface of the articular . cartilages of small, 
yellowisb, floceulent spots, which gradually increase in 
size, and ultimately break down aftd become destroyed, 
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leaving a superficial erosion. The change occurs most 
fre<fuently in the cartilages of the patella and of the 
•knee-joint, and in other sitnaJbions in which the cartilages 
aje especially subjected to pressure. 

When the diseased portions are examined, microscopi- 
cally, the mos*^ marked alteration is seen to consist in a 
fibrillation of the intercellular substance of the cartilage. 
Some of the cartilage-cells are also increased in size and 
show signs of proliferation ; whilst others are in various 
stages of fatty metamorphosis. The change appears to 
result from long-continued irritation due to pressure, and 
it may be regarded as an irritative process, in which, 
owing to the natural poverty of the vascular supply, 
retrogresa^p changes occupy fi prominent place. 

* * INFLAMMATION OP THE CORNEA. 

The process gf inflammation as it occurs in the cornea 
•has been chiefly studied in the frog. After injury of the* 
frog’s cornea, the earliest changes observed consist in 
the conjunctival epithSium becoming visible, and in the 
appearance amongst the epithelial cells of a few leuco- 
cytes, which have probably escaped from the hypermmic 
vessels of the conjunctiva. The cornea cells and their 
prolongations then become visible (they are invisible in 
the- healthy cornea, which appears ^perfectly structure- 
less), and the intercellular substance gradually becomes 
increasingly opaque, owing to its infiltration with small 
cellular elements (leucocytes). These ate so numerous 
and increase so rapidly, that they must undoubtedly be 
regarded afl, in the main, emigrant white blood-cor- 
puscles. It was formerly believed that* the cells of the 
cornea exhibited active changes, and that from them 
many of the new elements which are seen in the intercel- 
lular substance were produced; but here, as in cartilage, 
all recent investigations render it more probable that they 
really remain inactive. As the number of young^elements 
increases the consistisnce of' the cornea becomes dimi- 
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nislied, unt^l ultimately the tissue breaks dowu ami is 
destroyed. * 

The inflammatory process may continue until the whole 
of the substance of the cornea is softened.and destroyed ; 
or it ma^ become arrested. In the latter case more or 
less thickening and opacity of the cos^aea will result, 
owing to the increase in the number of cells and the 
changes in the intercellular substance. 



CHAPTER XXXV. 

INFLAMMATION OF COMMON CONNF.CTIVE TISSUE. 

CoMAioN coTiTiectivc tissuo is ono of the most frequent 
seats of the iiiflanimatory process, not only the subcuta- 
neous connective tissue, but also tlie connective tissue 
of or£(aus and of other parts. 

If conu( dive tissue be examined a few hours after the 
iidliction of an injury, it will be found that in place of 
the fibrillatcd substance and tixt'd connective- tissue cells 
of which it is iioriually comj)osed, the tissue is infiltrated 
with small round cells (leucocytes), and^ that the fibril- 
latcd intercellular material has become homogeneous 
and gelatinous iii consistence. The number of thesa cells 
gradually ilicroascs, and the intercellular substalice gra- 
dually becomes more completely destroyed, so that ulti- 
mately the tissue consists almost entirely of small round 
cells, held together by a small quantity of sbft gelatinous 
intercellular material. 

Respecting the source from which these young elements 
are derived — liow far ^hey arc emigrants, and how 
far they are the -offspring of cells belonging to the con- 
nective tissue — there appears to be little doubt that they 
are iilmost entirely emigrants ; and it is als6 extremely 
^ probable that the escaped corpuscles multiply by division ^ 
It was formerly supposed that the connective- tissue cor- 
puscles multiplied very rapidly in infiammation, and that 
the newly formed cells were entirely the result bf their 
proliferation, but the investigations df Professors Oohn- 
heim, Strieker, an,d, ^hers, show this view is 
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erroneous ; •and according to Colinlieim, these corptiscles 
take no part whatever in the inflammatory process. 
Professor Strieker, however, has observed them under- 
going active movements in the inflamed tongue of the 
frog, ancf Mthough he has never seen thmn divide, he con- 
cludes that they may probably do so in the latter stages 
of the inflammatory process. The present state of our 
kTiowledge respecting inflammation of connective tissue . 
would therefore appear to justify the conclusion that in 
the early stages of the process all the young cells are 
emigrants, but that in the Latter stages a few of them 
may possibly bo derived from the proliferation of the 
fixed connective-tissue cells. 

Such being the nature of the changes which more 
immediately follow injury of the connective tissue— the 
inflammatory process may terminate in rcftolntion, in 
orgcml sat ion, or in sup}mratlon, 

Resolutto!*.— -Tf the injury sustained by the tissue is 
not severe, the inflammatitm may gradually subside, the 
process terminating in rt'solnlio'iK In this case the 
hypermmia diminishes, tlie emigration ceases, some of 
the young cells undergo fatty, metamorphosis, others pass 
into and are removed by the lymphatics, and the tissue 
gradually returns to its normal condition. (See “ Ter- 
minations of Inflamuiation.*’) 

OuGANiSATTON. — If tlic inflammatory proccss does not 
terminate in resolution, many of the young cells may 
become more •fully develope<^ and ultimately form a. 
fibrillated tissue. This orijaiiisation of the inflammatory 
formation, or “productive” inflammation, is seen in the 
healing of wounds, the repair of ulcers, and also in many 
of the chronic inflammations of the kidney, liver, and 
other organs. In order for it to occur it is necessary 
that there should be a considerable diminution in the 
intensity of the inflammation. (See Terminations of 
Inflammation.”) 

The process of organisation c^sists in the develop- 
ment of many of the small round cells into larger 
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elomcsits, the formation of new blood-vessels, *the fibrilla- 
tjpn of the new structure, and its conversion into a mature 
connective tissue. These changes are similar to those 
which occur, physiologically in the development of con* 
nective tissue frpm the cells of the embryo. 

The first change observable in the small round-celled 
inflammatory production, usually about the fifth day, is 
the appearance in it of some larger elements. These are 
spherical masses of protoplasm, double the size of the 
smaller cells, with large round or roundly-oval nuclei, and 
slightly amoeboid. The number of these larger cells in- 
creases, and some of them become more fully developed 
and contain two nuclei. Many of them also throw out 
processes and become branched, and the branches uniting 
with those of neighbouring cells a more or less reticulated 
structure is produced, within the meshes of which are 
contained many of the smaller undeveloped elements 
(leucocytes). Somewhat later a few much larger musses 
of protoplasm containing several nuclei (myeloid cells) 
are .seen, which help to form the branched reticulum. 
This structure, consisting, in the main, of single nucleated 
more or less branched cells, with often a few myeloid 
elements, constitutes what is known as grannldfAon-tissue. 
With regard to the mode of development of this tissue 
froni the ])rimary infiammatory formation — it probably 
takes place, for the most part, by the progressive growth 
of some of the small cells^ although the investigations 
of Ziegler seem to show tl^t some of the larger may be 
formed by, the union of some of the smaller elements. 

Whilst these cell changes are taking place the tissue 
becomes permeated with, new blood-vessels; These, 
which usually appear about the fourth or fifth day, are 
essential to development. If the tissue is incompletely 
vascularised it undergoes retrogressive changes. (See 
“ Scrofulous Inflammation.”) Our knowledge of the 
process of vascularisation is still somewhat incomplete, but 
it is probable that tl^ new vessels, are 'formed by the 
canalisation of the branched cells. 
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The next stage in the process consists in the develop- 
ment of the vascularised granulation-tissue into a fibroid 
or adenoid structure. Many of the small round cells now 
disappear, there is a tendency in the largo ones to 
become TltSigthened and to assume a spindle shape, the 
bodies of the cells split up so as to Ibrm fibrils, the 
newly formed capillaries gradually disappear, and the 
richly-cellular tissue thus becomes converted into a more 
or less dense structure, which is characterised by the 
gradual process of contraction which it undergoes. This 
is usually known as cicatricial tissue. 


Fig. 97. 



yarleties of new (Jroirth result Intf from chronic friflam- 
mation of Courtectire Tissue . — A. au adenoid., a u jibrmd 
structuru. x 200. 


The characters of this new tissue present certain varia- 
tions. Sometimes it consists of closely packed wavy 
fibres, amongst which are a few fdongated spindle-shaped 
elements, such as are represented in Fig. 97, u. It is 
equally common for the tissue to assume the appearance 
shown in Fig. 97, a — a densejhomogcneous or obscurely 
fibrillated material, forming meshes of various sizes, 
within which are grouped a few lymphoid cells. (See 
also Fig. 115.) These two varieties are very frequently 
associated in the same specimen, the former representing 
a higher degree of development than the latter. 

Sdppueation.— W hen the inflammatory process is so 
intense or so prolonged as to prevent the occurrence of 
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resolfltion or imnieJiate orj^anisation, the young cells 
infiltrate the tissue in such numbers that they may 
liccumnlate so as to constitute pus. The pus may 
either become collccted.together within the tissue so as 
Fio. SH. 



A (Iramtlatlriff Siny'iice.-a. Layer of pBS. b. Granu- 
lation-tiBSUo with loops of blood-vesspls. «. Oomjnencing 
lioTolopment of the , giunolotion-Ussuo into « hbnllatod 
structuro. ^ 200. (Iliiidfleisch.) ^ 


to form an abscess, or it' may be continuously discharged 
dfrom the surface, as^in a granulatog wound. The 
deleterious influence which the pus exercises m)on the 
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tissues with which it comes in contact, causing.their 
destruction and’ absorption, has already been alluded to. 
(See “ Suppuration.”) . * 

Oriianis(Ttion after — This constitutes what 

is generMly known as healing by gvanulatior^, or by the 
s<j|pon(l intention. Tt takes place in \^unds iu which, 
from the non -apposition of the wounded surfaces, union 
by the lirst intoutiou has not been offeclcd ; and iu other 
lesions in which the injured tissue presents a free surface, 
as an ulcer. The process of rci>air after tlie separation of 
a dead part (demarcation and separation) is in the *saino 
wiiy effected by granulation, as is Also the closing of the 
cavity left after the discharge of the contents of an 
abscess. Inwall these and similar cases the inflammation 
and suppuration of the tissue are followed by the forma- 
tion of granulations, and by tlio subsequent develop- 
ment of those into a fibrillated structure. 

The process of organisation in tho-^c ca»ses is effected, iu 
the firSt place, by the <leveloprnent of the young cells in 
the superficial layers of the inflamed tissue into a granu- 
lation-tissue, iu the same manner as when there is no 
suppuration. This granulation-tissue, however, being 
situated .siiperficiaUy, and not being subjected to pres- 
sure, becomes arranged in the form of small papilliform 
nodhles, which are known as granalations. This arrange- 
ment of the graiiiilation-tissuo in the form of granula- 
tions appears to be determined by that of the new 
capillary bloojJ-vessels which arc developed so rapidly in 
it. These vessels form little vasCular loops, and the 
yoiing cells are arranged around thorn so that each loop 
corresponds with a single granulation. The deeper layers 
of the granulation-tissue gradually become developed 
into a fibrillated structure, whilst the cells on the surface 
of the granulations, together with the liquids exuded 
from the subjacent vessels, are discharged in the form of 
pus. (^ig. 98.) 
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INFLAMMATION OF BONE. 

In^lammatohy proecSRes in bone give rise, for the most 
part, to. an ‘increase of medullary tissue, and to softening 
of the compact osseous structure. 

The proce.sa takes place in the medullary tissue and iu 
’ the Haversian canals, the primary vascular phenomena 
being accompanied by an abundant emigration of blood- 
corpnsclea. The cells in* the medullary spaces and 
Havcrsiaii canals also undergo changes. In those which 
contain fat— the adipose cclls--thc fat is absoi’bed. Some 
of the cells enlarge and their nuclei multiply, and thus 
are produced large multinuclcated elements (myeloid 
cells), similar to those usually mot with in growing bone. 
Whether there is any new cell-formation is uncertain. 
As the result of thesfe changes, the medullary spaces be- 
come occupied by a richly-cellular/tissne. 

Whilst these changes arc taking place in the medullary 
tissue, the surrounding osseous lamellae jire gradually 
absorbed, the lime salts are removed, and in this way 
the medullary spaces and Haversian canals increase in 
size, and ultimately become conhuent. There is thus a 
new formation of medullary granulation-tissue at the 
expense of the compact osseous structure, and the bone 
becomes exceedingly spongy, soft, and vascular. 

If the process be not severe it may occasionally, in its 
earliest stage, terminate in resolution. More commonly, 
however, it continues until more oi* less of the bone 
becomes replaced by 'the inflammatory tissue. If the 
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inflammation be of considerable intensity it leads Ijp the 
forination^f pus. The cellular infiltration increases, the 
compact osseous tissui* becomes more and more absorbed, 
and the pus which is produced may accumulate beneath 
the poriGSteum or in the centre of the bone, so as to form* 
an abscess. This constitutes the conffition known as 
osteo-myelitis or acute ostitis. .TKese intense forms of 
inflammation often lead to necrosis of the bone. 

When the inflammation is of much less intensity, the 
new inflammatory tissue may undergo progressive de- 
velopment, and form new bone. In this case a new for- 
mation of osseous tissue takes place in the enlarged 
Haversian canals and cancellous spaces, so that the bone 
becomes converted into a heavy dense structure, consist- 
ing of hard compact osseous, with very little cancellous, 
tissue. This is sclerosis of bone. 

Periostitis. — luflammation of the periosteum may be 
localised or ditt'uso, acute or chronic. Acute inflamma- 
tions of the p(3riosteum lead to the formation of pus, 
which accumulates between the bone and the periosteal 
membrane. This, by interfering with the vascular supply, 
frequently causes necrosis of tlie superficial layers of the 
bone; and if a large portion of the periosteum be in- 
volved, and the inflammatory process extend to the deeper 
parts of the bone, the whole bone may die. Another not 
infrequent result of periostitis is a chronic superficial 
inflammation and caries of the bone. 

When the inflammation of the periosteum is loss intense 
and more chronic, the new inflammatory growth produced 
in the deeper layers of the membrane may become de- 
veloped into osseous tissue (periosteal ossification).* The 
process thus causes enlargement of the bone, or if this be 
necrosed, it helps to reproduce the lost structure, (See 
“ Necrosis.”) 

• 

* According to Billrotli, this new osseous tissue is partly derived 
from the bone itself, which, ho states, is the seat of. a superiicial 
ostitis. (See “Billroth’s SurgdciU Toiliology and Thempeutics,” 
trauslatea by Hacklcy. .4th edit., p. 4i».) 
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Stj^ctly localised mflarnTTUitions of the periosteum occtir 
in the formation of nodes, and here also there is frequently 
a new growth pf bone. 

Nkokosis.- “All conditions interfering with the supply 
of blood to a bone may bo causes of its death.'* JS'ecrosia 
may thus resuh from accident, portions of bone being 
violently separated from their vascular connections, or, 
more commonly, the periosteum being stvipped' off and 
injured. Much more frequently, however, it is the result 
of the intense inflammatory processes in the bone or 
periosteum which hiive been described. 

The bone, when dead, undergoes a gradual process of 
separation from the adjacent living tissue. This is 
effected in the same way as the sei^arntion of soft struc- 
tures. (See “ Necrosis.”) The adjacent living bone 
becomes the seat of an inllamuiatory process, a granula- 
tion-tissue and pus are produced, and by this means the 
dead portion is completely separated. When separated 
it is termed a srq nofitriwi. 

The x’omoval of the sequestrum from the granulation- 
tissue with which it is in contact is often only effected 
with considerable difficulty, especially if it bo deeply 
. seated. This difficulty is occasionally duo to a more or less 
thick layer of tjic old bone surrounding the necrosed por- 
tion. Aluch more frequently, however, it is owing to the 
participation of the periosteum in the ifillammatory 
process. The inflamed periosteum pi'oduces new bone, a 
capsule of which is thus formed, enclosing the sequestrum. 
Openings exist in this capsule .(doaajn) leading to the 
dead bone, and through these openings the inflammatory 
. products are discharged. Wheii the sequestrum is quite 
superficial, its removal is, of course, more readily effected. 

Caries. — By caries is understood that inflammatory 
disintegration of bone and removal of the dead products, 
which corresponds with ulceration of soft parts. * Oaries 
is therefore one of the results of infianomation of osseous 
tissu.e. ^ ■ 

Infiamiuatory processes. in bone which are of compara- 
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tively slight intensity have been seen to be characterised 
histologically by a gradually increasing production of an 
inflammatory granulation-tissue from the medullary 
tissue of the bone, and by the absorption of the compact 
osseous «4*ucture. This absorption of the bone appears 
to bo effected entirely by the new infla:^fmatory growth. 
When these chronic inflammatory processes occur in the 
su])erflcial layers of the bone beneath the periosteiIm,the 
bone is gradually destroyed, and presents a ragged, 
irregular, excavated surface. This is superficial caries, or 
ulceration of bone, 'fhe floor of the ulcer consists of a 
cancellous structure containing the debris of the disinte- 
grating process. In many cases there is a marked con- 
densation (sclerosis) of the deeper portions of the hone. 

Chronic inflammatory processes in the interior of bone 
cause in the same way absorption and disintegration of 
the- osseous structure. Hero, however, the inflammatory 
products being less readily removed, sometimes undergo, 
especially in scrofulous children, a kind of caseous trans- 
formation, and the carious cavity contains molecular 
d(5bri8, sanious pus, and minute portions of dead bone. 
The inflammatory granulation-tissue often projects as 
fungating masses into the cavity. 

Caries i» frequently associated with 'more or Jess ne- 
crosis, especially when the process tvffects the interior of 
the bone. Small portions of bone are cut off from their 
vascular supply, become detached, and arc found in tlie 
carious cavity. ^ 

There are two other morbid conditions of bone, which 
although probably not coming within the category of in- 
flammation, may be conveniently described in the present 
chapter — viz. Mollities Ossium and Rickets. 

MOLLITIES OSSiLUM. 

Mollities Ossium or Osteomalacia is a rare disease, 
occurring only in adults. It is characterised by a pro- 
gressive softening of the bones, owing to an increase in 
their medullary tissue and the dfttruction of the com- 
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pact# osseous structure. The bones become so much 
softened that they can be easily cut with a knife ; they 
are exceedingly light, and bend readily m all directions. 
On section, the cortical layer is found to be almost 
destroyed, the bone consisting of a wide cancellous 
structure contaiJiing a reddish, gelatinous, fatty material. 

The nature of the disease is obscure. According to 
Rindfleisch, the change consists in a decalcitication of the 
osseous tissue spreading gradually from the medulla and 
cancel li of the bone. The decalcified tissue does not 
become so completely absorbed as in inflammation of bone, 
but undergoes more or less of a mucoid change. The 
medullary tissue is exceedingly vascular, but unlike 
‘ ordinary granulation' tissue it usually contains much fat. 
Lactic acid has been found in the bone and in the urine. 
The urine usually also contains lime salts, which have 
been removed from the bone and eliminated by the 
kidneys. 

KICKETS. 

The common disease of children so well known as 
Rickets, or Rachitis, is mainly characterised by certain 
alterations in the bones. The bones generally are softened. 
The ends of the long bones are enlarged, and the flat 
bones are thickened. As a result of these alterations the 
bones become deformed, and their growth is frequently 
arrested. 

Respecting the nature of this disease, we are at present 
unable to speak certainly. It appears, ^however, to be 
closely associated with nial-nutrition, and all those con- 
ditions which materially interfere with the nutrition of 
the child may be causes of the disease. 

The alteration in the bones may be briefly described — 
as stated by Sir W. Jenner— as consisting in an increased 
preparation for ossification, but an incomplete perform- 
ance of the process. In a growing bone the zoi^e of soft 
tissue in which the process of conyersion of cartilage into 
bone is taking place is exceedingly narrow, the changes 
in the cartilage involvmg only one or two rows of the 
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cartilage cells. In rickets this transition zone i^very 
considerably widened, the changes in the cartilage cells 
extending for some depth into the cartilage, and the 
adjacent layer of cancellous tisane being much broader 
than natiyal. The junction between the bone and the 
cartilage is also exceedingly irrogularfbo that in some 
parts the cancellous. bone extends into the cartilage much 
farther than in others. Usually the alterations in the 
cartilage in the transition zone are accompanied by the 
calcification of the new tissue and its conversion into bone. 
In rickets, however, this calciiicatioil takes place very in- 
completely, and thus a wide layer of imperfectly calcified 
soft tissue is formed at the growing end of the bone. 

A. similar abnormality exists in the process of ossifica- 
tion from the periosteum. Ilere also the zone of vascu- 
lar granulation -tissue from which the bone is developed is* 
exceedingly broad, the calcification of the tissue is exceed- 
ingly incomplete, and the bono thus becomes thickened by 
a soft, vascular, and very imperfectly calcified structure. 
As the bone grows the medullary cavity naturally widens, 
and the compact tissue becomes absorbed. This imper- 
fect formation of osseous tissue from the periosteum pro- 
duces, therefore, considerable softening and weakening of 
the bone. 

The changes in the bones in rickets thus closely re- 
semble those which occur in the normal process of ossi- 
fication. There is the same change in the cartilage 
cells and in the deepen periosteal layers, but this change 
involves abnormally large areas. The development of 
the young cells and the- transformation of the new tissue 
appears also td he more or less incomplete. In' many 
parts the young elements do not form perfect bone-cells, 
but simply angular cells without canalicnli, whilst in 
others the development may be much mfbre complete. 
Various transitions are thus met with between tolerably 
well-developed and very imperfect bone-structure, but 
owing to the deficiency of lime salts this structure is 
very imperfectly and very irregularly calcified. 



CHAPTER XXXVII. 

INFLAMMATION OF BLOOD-VESSELS. 

1N1'’IAMMA.T10N OP ABTEIUES. 

In studying the process of inliammation in arteries, it 
must be borne in mind that the inner coat of these 
vessels is non-vascular, tbe blood-vessels being distributed 
dll the external layers. 

Acute and chronic inflammations of arteries are a very 
frequent result of coagulation of the blood within the 
vessel (thrombosis). Such inflammations have been con- 
-sidered in the chapter on 'J’hrombosis. Independently of 
thrombi, the most acute inflammatory processes in 
arteries are for the most part the results of injuries from 
violence, or of inflammation in adjacent tissues. Here, 
the histological changes are princii)ally confined to the 
external coat of tlio vessel. ' This becomes exceedingly 
hypereemic and infiltrated with small cells, the cellular 
infiltration ■ involving also the middle coat. As a con- 
sequence of these changes in the outer coats the vitality 
of the intima'may be impaired or destroyed, and wiien 
this has occurred the blood contained within the vessel 
coagulates. * 

Atheroma. — The more chronic forms of* arterial in- 
flammation give rise to changes which are most marked 
in the deeper flayers of the inner coat, where they produce 
those various alterations in the walls of the vessel included, 
under the common term — atheroma,. In the earliest 
stage of the inflammatory process the fibrous and elastic 
lamellse of the inner eddt of the vessel become infiltrated 
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with small cells, which are probably partly emigrants, 
and partly derived from the cells of these structures. As 
these cells increase in number they give rise to a swelling 
b&neath the innermost layers of this coat or the artery. 
(Pig. 994,^ This swelling of the intima is very charac- 


Fia. 99. 
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the*superficial patches of fatty degeneration which result 
frdrnT'the fatty metamorphosis of the endothelial and* 
tjonnective-tissue cells -of the vessel. (See“ Fatty Dege- 
neration of Arteries.”) . • 

The results of the inflaiftmatory process wjU depend 
upon its severity. If the process be very intense, the 
young elements accumulate rapidly and ' infiltAte the 
middle and externSil coats, so that the walls of the vessel 
become so much softened, that dilatation, aneurism, or 
rupture may ensue. Such acute changes are a coinmon 
cause of aneurism. The inflammation, however, is usually 
•of less intensity and runs a more chronic course, and it 
is only to these more (^ironic arterial changes that the 
term “ atheroma” is commonly applied. 

When the process is less intense and more chronic in 
its course, it leads to varipus alterations in the wall of the 
vessel. The soft cellular infiltration of the deeper layers 
of the intima usually undergoes retrogressive changes, 
owing to deficient nutritive supply. *These changes com- 
mence in the deeper portions of the new tissue. The 
young cells undergo fatty degeneration, the intercellular 
substance softens, and thus a soft, yellowish, pultaceous 
material may be produced beneath the lining membrane 
of the vessfel. This has been termed ^n giheromatous 
abscess. The lining membrane may ultimately give way 
and the softened matters be carried away by the circu- 
lation, and thus is produced the giheromatous ulcer. 
In other cases the more liquid constituents of the de- 
generated tissue gradually become absorbed, cholesterin 
forms, and thus a mass, consisting of broken-down fibres 
and cells, fatty ddbris, and cholesterin crystals, with a 
varying quantity of the original fibrilla^ed tissue, re- 
mains in the deeper layers of the inner coat. (Fig. 99.) 
This may subsequently calcify, and so form a calcareous 
2 >late, . ■» 

In the most chronic forms of the atheromatous process 
there is more o^r less fibrillation pi the new tissue, and 
thus is produced a. fibroid thickening of the inner coat of 
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the artery. The organisation, however, is rarelj" com- 
plete, more or less fatty debris being usually enclosed, in 
the fibroid stroma; 

Respecting the causes of these chronic arterial inflam- 
mations jncluded under Ihe common term of atheroma— 
they are probably mainly due to over-strain of the vessel, 
the sliraiii exercising u chronic injurious influence. This 
view has been especially insisted upon by Dr. Moxon.* 
It is supported by the fact that those vessels whidh are ' 
the most exposed to strain are the most pliable to this 
disease — the arch of the aorta; also by the exceeding 
frequency of atheroma in all those conditions in which 
there is an increase of the blood-pressure, llie eflSect of 
increased blood-pressure as a cause bf atheroma is seen 
in the liability of athletes to the disease ; and also in the 
frequency with which it occum in chronic Bright’s disease, 
and in the pulmonary vessels in cases of mitral obstruc- 
tion, &o. The occurrence of atheroma is also favoured 
ty syphilis. 


INFLAMMATION OF VEINS. 

Inflammatory processes in veins , are more frequent 
than* in arteries, but here they are in the very great 
majority of cases secondary to coagulation of the* blood 
within the vein (thrombosis), the coagulum exercising 
an injurious influence upqn the coats of the vessel. 
These- inflammations resulting from thrombosis have 
already been ’described. (See Results of Thrombosis") 
The inner coat of the veins is, like that of the arteries, 
noh-vascular, and hence acute inflammatory changes 
are, for the most part, confined’ to the external and 
middle coats. .Independently of inflammations resulting* 
from thrombosis, the* lining membrane of veins appears 
to undergo no inflammatory changes. 


Lectures on Pathological Anatomy.^ 
2nd edit.) p. 160. * 


Wilks ,and Moxon, • 
z 2 
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Aci^te and chronic inflammatory processes in veins are, 
as already stated, mo^t frequently due to thrombosis. 
They mjiy also result from violent injury, ' or .from the 
extension of inflammation from, adjacent tissues. The 
process, when acute, closely resembles that in < 1^0 arte- 
ries. The extemcj and middle coats become infiljrated 
with cells, the vitality of the intima ultimately becomes 
impaired or lost, and When this has occurred the blood 
within the vein coagulates. ‘ 



CHAPTER XXXVIII. 

INFLAMMAT'ION OP THE HEAKT. 

IxPL.vMMATORY proce.s8es in the heart may affect the 
substance of the organ, or the endocardiujn. They are 
much more frequent in the last-named situation. 

ENDOCARDITIS. 

Endocarditis is for the most part limited to the valves 
of the hefirt, although it is occasionally met with involving 
more or less of the cardiac cavities. The process is 
almost exclusively confined to the left side of the organ, 
and in the great majority of cases it commences in, and 
coiiijmratively rarely extends beyond, the confines of the 
aortic and mitral valves and the corresponding orifices. 
Further — it is those portions of the valvOs which ^ come 
into contact in the act <Jf closure, and are thus most ex- 
'posed to friction, which are especially involved, and in 
which the changes usually commence. Thus, in the aortic 
valves,* it is the convex surfaces of the segments which 
are most liable to be affected, and not the free edge of the 
segment, but the little band of tissue which passes from 
its attached border to the corpus ' Arantii . in the centre 
(Fig. 100) ; and in the mitral valve, the auricular surface 
.of- the segments at a little distance from the attachment 
of the chordae tendinem (Fig. 101). When portions of the 
endocasrdium apart from the valves are affected, this is 
frequently due, as pointed out b^y Dr. Mozon, to the 
irritation caused by the friction ©^vegetations or fibrinous 
clots situated on the valves themselve^ (Fig. 102). 



Inflammation of Aortic Valves . — Inflammation of Mitral Valve . — 
Tlio earlier stage of the^ process. Thoearlier stage of process. Valve 

Showing tlio situation o*f the in- seen from the auricular surface, 
llaiurriaiory granulations. Showing the situation of the in- 

flammatory granulations. 

Fio. 102. 



EndoeardUis due t6 Friction. — Tho drawing rcprepents 
a long vegetation on one of the segments pf the, aortic 
valve, which by rubbiig on the endocardium below has 
produced numerc^us inflammatory granulations (A). 
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those more chronic forma of arterial inflammation known 
as athcromatoas. The endocardium and inner c*oat of 
an artery are very analogous in. their structure, both 
being non-vascular, and consisting of a layer of connec- 
tive t]*s9«^ with an internal endothelial covering. The 
inflammatory process may be acute pr ijhronic. 

• Acute Endocaudjtis. — If the process be acute, the 
deeper layers of the endocardium become rapidly infil- 
trated with young cells, and as these increase in number 
the intercellular substance becomes softened and de- 
stroyed, and thus is produced a soft tissue composed 

Fig.- 103.. 



Acute Endoc<trrhtis . — A granuktioii from the mitral 
valv(3,. allowing a fibrinous, coaguluiri upon tho surface 
of the gi'anulation. x I0'(llmdfloiscb.) 

almost entirely of cells such as always results from 
inflammatory processes, in connective tissue. The new 
tissue as it increases tilts up the supeijaoent .endo- 
thelium and projects in the form of minute granulations 
and vegetations upon the surface of tho softened valye. 
(See Figs-. 100 and 101.) The endothelial elements pro- 
bably also participate in the active process. 

The above changes take place in an almost non- vas- 
cular tissue, and although there is more or less increase of 
va^ularity in the more external endocardial layers, where 
the capillaries are more nuiherous, there is rarely any 
rednegs or injection of the endocai’dium seen after death. 
Neither is there usually any liquid exuded upon the 
surface oi the^rannlatidns. What was formerly regarded 
as an exuded material, is in the%iain coagnlum which has 
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been deposited from the blood upon tbe roughened sur- 
face ot the valve. This deposition of coagulum frequently 
occurs in endocarditis, the roughened and abnormal endo- 
cardium acts as a foreign body and so causes a deposition 
upon its surface. This must not be confpunded^ith the 
vegetations themselves. (Pig. 103.) 

The results of this cellular infiltration vary. If tha 
process be very intense the new tissue may break down 
and thus a loss of substance result — an endocardial 
ulcer. This takes place without any accumulation of cells 
sufficient to form an abscess, the now tissue simply be- 
coming rapidly softened and disintegrating. In rare 
cases, however, small quantities of pus are found in the 
deeper endocardial layers. The ulcer is irregularly 
defined, and its edges are usually swelled and thickened. 
This nlcerative endocarditis is, however, not frequent, the 
process usually being less acute. The ulceration may lead 
to perforation of the valve, or to a considerable destruc- 
tion of its substance. Laceration or aneurism of the valve 
may also ensue from the pressure exercised by the blood 
against tho damaged tissue. 'Sometifnes - the ulcerative 
process extends so as to involve the cardiac 'substance. 
Ulcerative endocarditis is a grave affection, often giving 
rise to enibolism, and sometimes to a pymmic process. 

When the inflammatory process is less intense, as is 
much more commonly the case, the liew tissue becomes 
incompletely errganised into a fibrillated struciure, whilst 
it undergoes, in part, fatty And calcareous degeneration. 
These changes may result in the adhesion of the valves, 
either to one another or to the walls of the heart. 'They 
ajlways produce permanent thickening, rigidity, and 
shrinking of their structure. The new* tissue may con- 
tinue to grow after the severity of the process has sub- 
sided, and thus are produced the vegetations a^d papil- 
lary excrescences on tho yalves which are so commonly 
met with.' (See Fig. 102.) These consist of a lowly 
organised tissue, which tends to undergp fatty and cal- 
careons changes, ^ 
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Chronic Endocarditis. — This may be the aeqgiel of 
acute inflammation, or the process may, from its com- 
mencement, be chronic in its nature. In chronic endo- 
carditis the cellular infiltration is much less rapid alid 
abundaikt^tjian in the acute form ; the intercellular, sub- 
stance consequently becomes much jiess softened and 
‘ destroyed, and the new tissue has a much Ki*eater ten- 
dency to become developed into a fibrillated structure. 
The result of these chronic processes is therefore to pro- 
duce a fibroid tldvhminfj of the endocardium, and so to 
cause considerable "induratioij and contraction of the 
valves or valvular orifices. The new tissue sometimes 
forms papillary growths on the valves, which undergo 
partial fatty and calcareous changes. (See Fig. 10*2 ) ’ 

. • . MYOCARDITIS. 

Myocarditis, or inflammation of the cardiac substance, 
is much less frequent than the preceding. Intense arid 
concentrated inflammations leading to the formation of ♦ 
abscess probably occur only as the result of a pya9mic 
process. Less intense and more diffuse forms of cardiac 
inflammation are also not unfrequently met with in asso- 
ciation with pericarditis, and, less commonly, with endo- 
carditis. Here the inflammatory process appears, by 
extension, to involve the immediately adjacent muscular 
layers of the organ, which are found infiltrated with 
small ceils, i)^Q fibres themselves being softened and 
granular. . * • , 

In addition to the above, a form of myocarditis must 
be recognised in which the substance of the heart becomes 
more generally involved. In certain cases of acute rheu- 
matism the muscular tissue of the heart is found after 
death Swollen, softened, opaque, and occasionally faintly 
mottled^ with slightly yellowish patches. Wh^n examined 
microscopically, the fibres are seen to have, lost their 
striation and to be finely granular, their nuclei are large 
and prominent, and small cells *are found in vai^ng 



jicnte MyocardUU. — 1^’rom a case of acuto rheumatism. 

a. A thin sectioQ of the left ventricle inode in the "direction* 
of the miisoular fibres, showing the granular and swollen 
condition of the fibres, and the prominunco of their nuclei^ 

b. A transverse section, showing the cellular inftltratiop of 
tlie intermuscular tissUe. x 2U0.* 

of acute rheumati^sm, and they inusti I tliink, be regarded 
as evidence of the existence of an acute inflammatory 
process. The change is most marked in the lleft ventricle, 
and it is usually associated vrith endo- o|f^ peri-carditis. 
It a grave qomplic^^tion of acute rheumatism, and pos- 
sibly df some other diseases, and is probably more frequent 
than is generally supposed. * 

Fibboid Ind'ubation of tfib Heart, -^This^ a com- 
paratively rare condition, is probably, in most cases, a 
result of myocarditis. The change is characterised by 
the development of a dbrillated tissue between the 
muscular elements. The process \:oiptnences in the 
intermuscular septa around the blood-vessels. This 
becomes infiltrated witb small cells, which tend to become 
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(Ievelo[)e(l into a fibrillated structure. (Fig. 105.)» The 
growth of, new tissue gradually extends between ihp 
bundles of 'muscular fibres, so that ultimately each fibre 

.1 Fio. 105. 



Fibroid JwUiration of the I/eart.-^A thin section from 
the wall of the left ventricle, showing tho srriall-cellcd 
growth in the intermuscular septa around the blood- 
‘ vessels, a. a. vessels, x' 200. 

may he surrounded by a tract of dense fibroid tissue. 
(Fig, 106.) The muscular fibres themselves, owing to the 

> * *Fig. 106. 



Fibroid Induratum of the Smrt.^A section from the left 
ventricle of the same heart as Fig. 105, showjng a more 
advanced stage. The fibroid tissup suirounds the in- 
dividual muscular fibres, which #aro undergoing fatty 
degeneration, x 200. . . , . 
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resulliing iBterferonce with their nutritive supply, atrophy, 
undergo fatty metamorphosis, and are gradually replaced 
by the fibroid growth. (Fig. 106.) Very frequently the 
cellular nature of the growth, which I believe to charac- 
terise tlje earlier stages of its development, is* hot seen, 
the new issue beii*g simply fibroid.*’ 

Fibroid induration of the heart appears in most cases 
to be induedd by inflammatory processes commencing in 
the peri- or endo-cardium. When secondary to peri- 
carditis, the change is usually most advanced in the ‘more 
external portions of the cardiac walls, and it commonly 
affects both the right and left ventricles. When, on the 
other hand, an endocarditis is the precursor of the indu- 
nitive process, the change is more marked in the internal 
muscular layers, and' inasmuch. as inflammatory processes . 
i^ the- endocardium occur almost exclusively in the left 
cardiac cavities, the left ventricle is principally involved. 
In other cases the fibroid growth appears to be the result 
of syphilis. (See “ Syphilis.”) 

Although the growth of new •tissue is. thus usually 
more advanced in certain portions of the muscular Valla 
than in others, it is by no means uniformly distributed. 
In some parts it may be very dense, the muscular fibres 
beihg entirely obliterated, whilst in others it is entirely 
wanting, and the muscular elements present a normal 
appearance. 

Fibroid induration of the heart — excluding. that result- 
ing frpm syphilis — appears to occupy the* same patholo- 
gical position as similar fibroid changes in other organs — 
c.p., in the liver and kidneys. Jt must therefore be 
' regarded as the result of a chwnic inflammatory process 
— a chronic myocarditis. Its effept must evidently be to 
interfere very materially with the motor power of the 


♦ Dr. Hilton FagprOf in n series of eleven ceses of fibroid disease 
of the heart, foiunl that cellular elements in .now growth were* 
almost invariably absent, i (Bee -Trans, Path, Soc. Lo9ul., vol. xxv 
p. 64.) 
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organ, and it consequently constitutes one of the^most 
grave of all cardiac diseases. 

The cardiac walls may become much thickened by the 
new growth, and the induration of texture is often very 
cotisidej;able. In the si^ecimen from which the/accom- 
pauying drawings were made the jvalls of the. left 
ventricle were so hard that they cut almost like a piece 
of tertdon. 



CHAPTER XXXIX. 

INPI^AMMATION OP LYMPHATI® STBUCTURES. 

Inflammatoky processes in lymphatic structures usually 
result Jrom their injury by substances conveyed to. them 
by the lymphatic vessels. They include-T'Ot^'*'^^’^^ 
chronic iullammations, and the specific inflamjnation 
associated with Tij^ilioid Fever. Each of these must be. 
considered separately. 

ACUTE INFLAMMATION OP LYMniATIC STIIUCTUHES. 

Examples of aqute inflammation of lymphatic structures 
are furnished by the inflammation of th^ glands in the 
axilla from a wound on the hand, of the glands in the 
groin from gonorrhoea, and of Peyer’s and the solitary 
glands in the intestine from inflammation of the intestinal 
mucous membrane. 

■Tire process consists in a hyperaemia df*the gland to- 
gether with a rapid increase in the number of the lymph- 
cells. ' This increase is probably due, partly to a hyper- 
plasia .of the original cells of the gland; and partly to 
the migration of blood-corpuscles. The cells not only 
increase in number, but many of them become much 
large!* in size, and their nuclei multiply. The cells of the 
trabeculae also particii)ate in the active process^ The 
increase in the size of the elements and. the multiplica- 
tion of their nuclei usually leads to the production of 
some larger cells containing two or thyee nuclei. These 
have been already alluded to as being frequently met with 
in lymphatic structures which are undergoing active pro- 
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cesses. (See Fig. 38.) Owiag to*ttese changes the gland 
becomes considerably increased in size, soft and pulpy in 
consistence, and its cortical and medallary parts are ilo 
longer distinguishable. 

Upon Jhe removal of the injurious influence the process 
may gradually subside, the new eleq^ents undergo dis- 
integration and absorption, and the gland returns to its 
normal condition (Resolution). In othe): cases the process 
goes on to suppuration, the trabeculas are destroyed, 
ma/^ of the cells become disintegrated, and the loculi of 
the gland become filled with pus. This is usually asso- 
ciated with inflammation and suppuration oi the sur- 
rounding connective tissue. In the glands of a^mucous 
membrane the prpcess gives rise to what is known as a 
follichlar abscess. , 

CHllOKIC inflammation OP LYMPHATIC STHUCTUllES. 

Chronic inflammations of lymphatic structures result 
from injuries which are less severe and more prolonged 
in their action than those which givd rise to the acute 

Fig. 107. 



Chronic Infiammation qT « Lymphatic Gland . — 

Showing the increase in the sirom^, and the 
diminution in the number of the lymphoid 
cells. X 200. 

form. * The resulting cellular infiltration of the glan^ is 
consequently a more continuous one, and the gland be- 
comes more or less permanently increased in' size. ' The 
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reticu^jim is also considerably involved. These cbi*onic 
inflammatory processes differ from the acute, inasmuch 
as they‘lead to a gradually increasing development of the 
reticular structure of the gland. The reticulated network 
becomes thicker and more fibrous, its mashes- become 
smaller and smaller, fhe lymph-cells diminish in number, 
and thus the gland becomes hard and fibrous in con- 
sistence. (Fig. 107.) 

- Scrof ulous Xjflands . — In those chronic inflammations of 
the lymphatic glands which occur in scrofulous subjects, 
and in which the glands tend to become caseous, the 
changes resemble those which have beeii already described 
as characteristic of scrofulous inflammation. (See “ Scro- 
fulous Inflammation.’*) The cellular infiltration is con- 
siderable, there is but little tendency to absorption, and 
many of the cells increase in size, and even form mult^ 
nucleated elements. Tlie gland thus becomes enlarged, 
soft,- and elastic in consistence, and of a uniform greyish- 
white colour. ' Owing to the obstruction to the circulation 
caused by the pressure of the cellular infiltration, the 
gland undergoes retrogressive changes and becomes 
cC^seous. The caseous material may subsequently liquefy, 
gr become infiltrated with calcareous particles. Many 
caseous lymphatic glands are tuberculous (see ** Tuber- 
culosis of Lymphatic Glands”). ^ 

INFLAMMATION OP LYMPHAtIC STllUCTURES IN 
TYPHOID FEVER. 

The inflammatoy processes which occur in the lym- 
phatic structures in Typhoid Fever have their seat in the 
spleen, in the lymphatic structures of the intestine, and 
in the mesenteric glands. 

The — In the spleen the change /esembles that 

‘ which occurs in many of the other acute febrile cliseases, 
altjiough it j*eaohes its maximum iA typhoid. The splenic 
tissue becomes exceedingly vascular and the lymphatic 
elements increase rapidly in number, that the organ 
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often attains two or three times its natural size. Many 
of the now elements enter tlie blood, thus causing a slight 
temporary increase in the number of white blood-cof- 
puscles. As the fever subsides, the hyperaamia diminishes, 
many o^Jiho new elements undergo disintegration and ab- 
sorption, the remainder enter the blood, nrid thus the organ 
again attains its normal characters and dimensions. 

The hi 10811 naL Lyinphatic Structures . — It is in the 
solitjiry and Peyer’s glands that the most characteristic 
changes take place in typhoid fever. These structures 
may bo involved throughout the whole of the small and 
large intestine, but in most cases the process is limited to 
those in the ileum and cfccum ; and those glands are 
always the most affected which are situated the nearest 
to the ileo-caeoal valve. 

The primary change here consists in a hypcsrmniia and 
cellular infiltration of the glands. Many of the cells 
increase considerably in size, so as to form the mnlti- 
luicloated elements already alluded to. Doth Peyer^s 
patches and the solitary glands thus become considerably 
enlarged and prominent, standing uj'i above the surface 

Fig. 108. 



J)fphoid SweUing of Peyer^s Patrhea ami SolUary 
Glands <if tine Intestine, 

« 

of the intestine. (Fig. 108.) They are of a greyish-white 
or pale reddish colour, and of a soD, brain-likc consistence. 
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The fJuiTounilhij,^ mticoTis membrane is also exceedingly 
vascufar, and is the seat of an acute catarrhal process. 
This catarrh is more or loss general, and usually precedes 
the swelling of the glands. The cellular infiltration, in 
many ])arts, raindly extends bt33’ond the confin^*^ of the 
glands into the iipmediately sui*rounding and subjacent 
tissues, and even in some cases into the muscular coat. 

The process now passes into the second stage — that of 
the death and disintegration of the newly formed tissue. 
This may terminate in various ways. The enlarged 
glands, many of them, subside, the now elements become 
disintegrated and are absorbed, and the gland thus un- 
dergoes a gradual process of roi^olution/ In others, the 
individual follicles of the gland ruj dure, discharging their 
contents externally, and the patches then acipiire a pecu‘ 
liar reticulated appearance. ^ITic most cliaTacteristic 
termination, however, of the typhoid i)rocess, is the sepa- 
ratum of the dead tissue as a slough, and the formation 
of the tjiiihoid nlvf'r, 

I'hc lu'ocess of sloughing and ulceration may, like the 
cellular infiltration, take place uniformly throughout th(* 
whole gland, in which case the 
whole mass is thrown off. leav- 
ing an ulcerated surface cor- 
responding in size with that 
of the gland. (Fig. 109.) More 
Commonly, however, in the 
patclies, the sloughing com- 
mences in different portions of 
the patch, and small irregular 
losses of substance result, which 
may gradually extend until 
they form one large nicer. 

Although, as already stated; the cellular infiltration 
may extend beyond the confines of the glands, this i.s 
rarely the case with the ulceration. .The peripheral infil- 
tration undergoes resolution, and hence the ulcers have 
the same configuration c.s the, original glands ; those origi- 
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A T{/phoi(l Ufeer of the 
Intestine. 
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nating- from the patches being oval, with their Irag dia- 
meter in the direction of the gnt ; and tho^^o originatiA^g 
in the solitary glands being spherical in shape. In rave 
cases, when there is much infiltration of the surrounding 
rnucou^ •membrane, the ulceration may extend slightly 
beyond the confines of thci glands. ^ 

With the sloughing and disintegration of the now tisvsue 
the process of infiltftition ceases, and hence there is no 
induration or thickening of the base or edges of the 
ulcer. The base is smooth, and is usually formcNl of the 
submucous or muscular coat of the intestine. The edges 
are thin and undermined, and consist of a.well“deliiie<l 
fringe of congested mucous membrane. (Fig 110.) This 
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jf T}/j)hoId Ulrer of the Intestine {tfittgrammfitic).—Show~ 
ing the undermined edges of tlie ulcer, and the slough still 
udlieivut. n. Epithelial lining. 0, Submucous tissue, 
c. Muscular coat. d. Peritoueuiii. 

is best seen when the gut is floated in water. In some 
cases, however, the sloughing extends deeper through tlie 
muscular layer to the sub-peritoneal tissue, and it may 
thus cause perforation and peritonitis. 

The third stage of the process is that of cicatrisation. 
This takes place by the resolution of the peripheral ijifil- 
tration, the approximation and union of the undermined 
edges with the floor of the ulcer, and the gradual forma- 
tion from the margin of an epithelial covering. Tho 
gland-structure is not regenerated. The resulting cica- 
trix is slightly depressed, and less vascular than the 
surrounding mucous membrane. There is no puckering 
or diminution in the calibre of the gut. In some cases, 
however, cicatrisation does not take place so readily, and 
the floor of the plcer becomes the seat of a soeondarg 
ulceration. This usually takes ^place after the general 
disease has run its course, or during ^ relapse. Profuse 

A a.2^ 
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hasmori'liagc and perforation more commonly result from 
tlye secondary ulceration than from the primary sloughing 
of the glands. 

The Mesenteric Glands — change in the mesenteric 
glands is proba})ly secondary to that in the intestine* 
These glands become the scat of an acute cellular infil- 
tration, and are enlarged, soft, and vascular. They 
usually, like many of the glands in the intestine and the 
spleen, undergo a gradual process of resolution. In rare 
cases, however, the capsule of the gland is destroyed, 
and the softened matters may escape into the peritoneal 
cavity and so cause peritonitis. The enlarged glands 
may also become caseous, and subsequently calcify. 



CHAPTER XE. 

INFLAAIMATION OF MUCOUS MEMBKANES. 

In luiK ous me uibiane^i inflimmatory piocossos arc divided 
into tft u ihol, tiwdjih luou'^, iioitpowi, o\ dtplithu lin iii- 
dam mation 

(’vr\KKini iMiAHMinoN OatairLal inflammation 
01 as it IS moie comraonly Ctilkd cahn th, ib much tht 
moie fiecpunt In its raildci foims this is < hiiaotprisul 
mainly by an incucised socrotion of nmeub. Tin initial 
liyiicrtLinix of tlie membram* is followed by an abnoim il 
pioductiouot cpitlitlial and mucous elements 'Plu^ liquid 
which tiansinles fiomthc blood-vessols is raoieabiindxnt, 
the sraill sphoiital cells which cmstituto the mucus- 
ooipiistles aie pioduccd with luereascd rajiidity, and the 
lesult IS an imieabod seen (ion of mucus, iich m rellulai 
elements These young cells are most of them emigrant 
blood-corpuscles, othcis are probxbly the products ol 
epithelial proliferation As the process continues, some of 
the epithelial elements become loosened and are discharged 
witli the and withm these groups of bodies may 

occasionally be seen, which aic tvidently young mucus- 
corpusclen. (Fig 111 ) How far these are white blood- 
corpuscles which have penetiated the epithdial cells is at 
present uncertain The secittion of the mucous glands 
IS also increased Owing to these changes, the mucous 
membiane becomes swelled and abnormally vascular. 
The increased vascularity is evidenced by redness during 
life, but after death the blood usually passes out 
of the vessels, and the membrane may look paler than 
natural 
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If the inflammation be more intense, the vascular phe- 
nomena are more marked, the production of young 

Fio. 111. 



Cntnrrhanvflammnthn of the CoiiJnnrtirn. — a. EpiOioliijin. 
ft. Siib-cpitholial oonucctivo tissue. — Slu)wiii|? tljo prohfo- 
ratioii oi the epiUielinin, aucl tho young olcmonts within 
the epithelial colls. (Eiudlloiscli.) 

elements is more rapid, they are smaller and not so well 
developed, and the secretion becomes puriform from tho 
grettt number of cellular elements which it contains. It 
now no longer yields mucin. Many of the elements are 
indistinguishable from pus-corpuscles, others are some- 
what larger and resemble the corpuscles of normal mucus. 
Between the corpuscles of mucus and pus there is no line 
of demarcation, the one passing by insensible gradations 
into the other. The former are somewhat larger and 
more regular in shape than the latter, and usually con- 
tain only a single nucleus. As the process continues, 
the sub- epithelial tissue is gradually involved, and becomes 
inhltratcd with small cells. Owing to loss of epithelium, 
the surface of the membrane may present some slight 
irregular abrasions. 

Those changes in the mucous meipbrane itself are 
accompanied by inflammation of the lyinphatio strnctnres 
which it contains. The lymph-follicles become enlarged. 
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Their contents may soften and form a minute pseudo- 
abscess, and this burstinj; gives rise to a small ulcer. 
These are the follicular ulcers so often seen in cartarrhal 
conditions of the intestines and pharynx. The ulcera- 
tion ii^nome cases extends beyond the 'confines of the 
follicle, proper grandular sfcuictuves may also 

become involved. Their epithelium multiplies, the glands 
become choked with the epithelial elements, and they 
may subKScquently atrophy. This is seen in catarrh of 
the stomach. 

The acute process may quickly subside, or it may 
become chronic. In the latter case the hypermiuia 
diminishes, but the escape of leucocytes and the multipli- 
cation of the epithelial elements continnos, and tlie sub- 
cpitlielial tissue becomes more extensively infiltrated with 
small cells. 

Chronic catarrhal inflammations of mucous menibranos 
differ from the acute, inasmuch as the sub-epitlielial 
connective tissue is much more extousively involved. 
This tissue becomes infiltrated with small elements, 
which may ultimately form an imperfectly fibrillated 
structure. The membrane thus becomes indurated and 
thickened, and the pressure exercised by the new grwth 
may induce atrophic changes in the glandular structures 
which it contains; by preventing tlio exit of tbeir secre- 
tion it may also cause them to dilate so as to form cysts. 
This atrophy of the proper glandular structures is seen 
in chronic catarrh of the stomach. These changes in the 
sub-epithelial connective tissue are usually accompanied by 
enlargement of the lymphatic structures, an enlargement 
which sometimes gives to the membrane a, nodular or 
granular appearance. This is well seen in the ))harnyx 
(follicular pharyngitis). The enlarged lymphaticstructures 
may also constitute the starting-points of an ulcerative 
process. (See ‘^Tuberculosis of Mucous Membranes.”) 
In some situations, as the stomach and intestine, the 
membrane often at the same time becomes deeply pig. 
mented. * 
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riB]|JNOUS, CilOUPOTiS, OR DlPHTIlEUITlC INFLAMMATION. — 
These terms are applied to those inflammations of mucous 
membranes which lead to the production of a so-called 
false membrane — such as is seen, for example, in croup. 
The formtition of this fibrinous layer upon the s?ivfaco of 
the membrane is quite characteristic, and at once dis- 
tinguishes this form of inflammation from a simple 
catarrhal process. 

The membrane itself, which may exist in little patches 
or cover a large area of the muc(jus surface, is usually of 
a yellowish or greyish-white colour, and in consistence 
varies from a firm and tough to a soft pultaceous material. 
It is more or less easily separable from the subjacent 
tissue, which in all cases after its removal is found to have 
lost its epithelium. In thickness it may vary conside- 
rably in different parts. Examined microscopically, it is 
seen to consist mainly of leucocytes, granular matter, and 
some altered cpitiielial elements enclosed in the meshes of 
a delicate network of finely fibrillatcd material resembling 
coagulated fibrin. Ilie fibrinous network is most marked 
in the deeper layers of the membrane, whereas the super- 
ficial part consists principally of leucocytes, altered 
epilnelium often fused together into irregular masses, 
and adventitious products. The epithelium of the mucous 
membrane beneath this fibrinous layer is, as already 
stated, invariably more or less completely wanting ; so 
that the fibrinous layer extern! s down to the basement 
membrane. In some cases the fibringiis ]ayer does not 
extend deeper than this membrane, in which case it 
can be readily detached; whereas in others it involves 
the deeper structures, and then is much less easily 
removed, and when separated leaves an irregular sur- 
face owing to the destruction of the inner layers of 
the mucous membrane. In the former case 'the process 
is usually spoken of as croupouB, in the latter aa. diph- 
th&ntic. These differences, however, in the depth to 
which the mucous membrane is involved, are probably 
due to differences in the intensity of the process, and 
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also to difterences in the structure of the membrane. 
In those situations where a distinct basement niembrivm 
exists, as in the pharynx and respiratory organs, the pro- 
cess is more likely to bo superficial than in those where 
this is*»ot the case, as in the intestines and conjunctiva. 
(Cohnhoim.) It the inflammatory process continues, tlie 
ineriibraiie after its removal is reproduced, but if it sub- 
side, the epithelium is quickly regenerated, and the deeper 
structures when destroyed are also gradually reproduced. 

VVitli regard to the nature of the false membrane — it 
is mainly due to the coagulation of the inflammatory exu- 
dation liquids, the coagulnm enclosing the escaped blood- 
corpuscles and the altered epithelium of the mucous sur- 
face. This coagulation was formerly supposed to result from 
the large proportion of albumen which the inflammatory 
exudation contained, the inflammatory process being of 
greater intensity that that which gives rise to a simple 
catarrhal process. Although the coagulation of the iu- 
llammatory liquids may thus be partly due to the 
intensity of the process, the investigations of Weigert 
reader it probable that it is mainly owing to the death of 
the epithelinm. According to this observer, living epithe- 
lium, like endothelium, prevents the coagulation of the 
liquor sanguinis, but dead epithelium will cause coagu- 
lation of liquor sanguinis in contact with it. The death of 
the epithelium is usually due to tlm same injury as that 
which causes the inflammatory process, but without this 
necrotic change in the deeper as well as in the superficial 
epithelial elements, it is probable that an infiammatory 
process will not be followed by the formation of a so- 
called false membrane. 

The causes of croupous or diphtheritic inflammation 
are simple mechanical or chemical agencies and injuries 
of an infective character. Simple mechanical or chemical 
injuries will produce a typical croupous'membrane. This 
may be done experimentally in dogs, for example, by the 
application of strong acids, alkalies, or alcohol to the 
trachea. In cases of poisoning by the mineral acids. 
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and in tiie accident so common in children of attempting 
to^drink out of a vessel containing boiling water, a false 
membrane is often produced on the injured mucous sur- 
face. In the intestinal and other mucous membranes also 
a croupous inflammation is sometimes met witli,«as the 
result of mechaiiicirl injury, as for example, in the 
vermiform appendix from the irritation of a concretion. 

More common, however, than these mechanical and 
chemical causes are injuries of an infective nature, and it 
is to mfecAhii agencies that croupous inttammations are 
most frecpiently due. As exami>les of such are some 
forms of severe conjunctivitis, the intestinal inflammation 
in epidemic dysentery, and, above all, the changes in the 
])haryngcal and laryngeal mucous mcinbrancs in the 
diseases known as and diphtheria. These infective 
croupous processes are almost invariably contagious, the 
inflammatory products being capable of inducing similar 
processes when applied to other mucous surfaces. 
Micrococci appear to be usually present in the false 
membrane in these infective cases. They are usually 
found as colonics of globular organisms in the upper 
layers of the membrane. Whether they are essential or 
merely accidental is at present uncertain. 

Although there are these important differences in the 
etiology and nature of croupous inflammations, they are 
not accompanied by any corresi)onding variations in the 
histology of the process ; the slight differences met with 
in the characters of the false membrane tgid in the ex- 
tent of implication of the mucous surface being probably 
usually due to differences in the intensity of the process 
and in the structure of the mucous membrane involved. 

DYSENTERY. 

The inflammatory processes occurring in the intestine 
in dysentery are for the most part limited to the large 
intestine, although the ileum is also occasionally involved. 
The inflammation is always most marked in the rectum 
and descending colon, dnd it may be stated generally* 
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that it is characterised by the ulceration and sloughing 
of the membrane to which it gives rise. ^ 

The intestinal changes vary considerably, according to 
the intensity of the inllanimatory process. In the milder 
forms of^thc disease the changes are most marked on the 
summits of the folds of the mucousj^ membrane. These 
are found covered with a greyish-white layer of librinous- 
looking material, which, when scraped off, leaves a 
superficial loss of substance. The mucous membrane 
generally is hyperjemic and softened. The submucous 
tissue is also infiltrated with inflammatory products, and 
the solitary glands arc enlarged and prominent. 

When the i)rocess is more severe, the submucous tissue 
becomes more extensively involved, and the superficial 
layer of tibrinons material extends over wider areas and 
implicates more deeply the mucous membrane. The 
thickening of the intestinal wall, liowever, is much greater 
in some parts than in others, so that projections are pro- 
duced upon the inner surface of the intestine, corre- 
sponding with those parts which are the most affected. 
The enlarged solitary glands usually slough, and so give 
rise to circular ulcers, which rapidly increase. When the 
process has reached this stage, the muscular and serous 
coats are implicated, the latter being covered with layers 
of fibrin wliich foi'm adhesions with adjacent i)arts. The 
intestine is much dilated, and contains blood and disin- 
tegrating inflammatory products. 

In the inostjutense forms of the disease, the necrosis is 
more extensive. According to Rokitansky, large portions 
of the mucous membrane are converted into black rotten 
sloughs. The submucous tissue is infiltrated with dark 
blood and scrum, but subsequently it becomes tlie seat of 
a reactive suppurative inflammation, by means of which 
the necrosed portions of tissue are removed. 

If death does not occur and the inflammatory process 
subsides, the ulcers may gradually heal. When the loss 
of substance has not been considerable, the edges of the 
ulcers may, by the contraction o7 the submucous tissue, 
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becomg completely approximated. More commonly, 
however, the loss of substance is so great, that portions 
of the membrane are left, consisting simply of connective 
tissue. 

When the inflammatory process becomes chrcyiic, the 
changes in the subpiucous connective tissue become more 
marhed, and the new flbroid growth gives rise to con- 
siderable thickening and induration of the intestinal wall, 
and to more or less contraction and narrowing of the 
cavity. Sometimes it forms fibrous bands which project 
into the gut. The formation of abscesses and fistulous 
passages occasionally occurs in the thickened intestinal 
wall. 



CHAPTER XLI. 

INFLAMMATION OF SEROUS MEMBRANES. 

Inflahaiatory processes in serous membranes vary in 
tlicir intensity, and in the amount and character ot‘ the 
effusion. 

The process commences, as in mucous membranes, 
with hyperinmia, exudation of liquor sanguinis and emi- 
gration of blood-corpuscles, together with increased 
activity of the endothelial elements. The endothelial 
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Inflamed Epiploon of a Rablnt . — Showing the 
endogenous i)rol iteration of the endothelium. 
X 2o(i. (Oornil and lianvier.) 


cells enlarge and become more granular, their nuclei 
divide^ and new elemenjts are formed by endogenous 
multiplication. (Pig. 112.) The number of new cells 
which are thus produced, together with some of the 
older cells, and' a large numbei^ of emigrant blood-cor- 



36.6 INFLAMMATION OF SEROUS MEMBRANES. 


puscles, escape witli tlie exuded liquor sanguinis into 
tl>e serous cavity, where they may probably continue to 
exhibit their formative activity. 

Owing to these changes the membrane loses its natural 
smooth and glistening appearance, and becomes, (rpaque, 
roughened, and excdodingly vascular. Its surface at the 
same time becomes covered with a fibrinous layer, and 
more or less liquid transudes into its cavity. The 
coagulable material which exudes from the vessels forms 
a soft, elastic, membranous, or reticidated mvestmeiit. 
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Infinmriiation. of the D’laphragmaUc Pfenra. — Show- 
ing thi3 adhenTjt fibrinous layor. a. MiiscuiMr coat of 
diai)hi'agni. h. Snb-seroiis tissue, c. Serous meni- 
brauu. €. Fibrinous layer, x 400. (KnidllciscJi.) 

enclosing in its meshes numerous small, cells. This 
either glues the two surfaces of the membrane together, 
or, if they are separated by liquid effusion, forms a 
slightly adherent layer. (Fig. 113.) The exuded liquid 
varies considerably in amount and is always turbid, 
thus differing from non-inllammatory effusions. It con- 
tains flakes and musses of coagulated fibrin and innu- 
merable cell-struptures, the latter being in the earliest 
stages of the process almost entirely emigrants. 

The natnre of the subsequent changes will depend upon 
the intensity of the inflammation, and upon the amount 
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of liquid exiidod into tlic serous cavity. If the juRam- 
matory process subsides, and tbe liquid exuded is not 
sufficient to prevent the two surfaces of tlio membra ue 
from comin;^ into contact, they grow tt^getlicr and form 
an adhesion. 'Hiis constitutes the so-called lulUvaivv. 
iujlanivtalioi). The union is cll'ectcd by the formation of 
connective tissue. 'ITie small round cells embedded in the 
fibrinous layer become elongated and spindle-shaped, 
numerous new blood-vessels arc formed, and the fibrinous 
material fil)rillates. hlany of the vessels atrophy and 
disappear as the organisation becomes comphde. The 
jwoee.ss is thus precisely similar to that which tabes place 
in the union of an incised wound. It is probable* also 
that in some cases union may take place without the 
intorve'\tion of any fibrinous layer, by the forination and 
growing togctb<?r of irregular papillary outgrowths from 
the sub-endothelial tissue. 

If, however, tho iiifiammatory process is severe, or the 
surfaces of the membrane are separated by a largo quan- 
tity of liquid etfnsion, organisation and adhesion cannot 
be thus readily effected. If a largo quantity of liquid 
exists ill the serous cavity, the removal of tliis becomes 
necessary before union can take place. If tlie inllamma- 
. tory ])roeess continues, or its intensity is great, union is 
prevented by the formation of pus. These two conditions 
inu.st be considered separately. 

The existence of a large amount of eifusion prevents 
the adhesion of the serous surfaces, and before this can be 
effected the absorption of tho Injuid beconn.*s necessary. 
The presence of the liquid itself, however, int(3rferes with 
its absorption. This is owing, as already stated when 
speaking of the “Terminations of lufiammatioii,’* to tho 
pressure which it exercises upon the blood-vessels and 
lymphatics, which pressure, by hindering the circulation 
ill these vessels, tends not only to prevent absorption, 
but also to interfere with the restoration of the vascular 
walls to a normal state, and so to favour a continuance 
of the exudation. The removal tf some of tlie liquid by 



368 INFLAMMATION OP SEROUS MEMBRANES. 


artificial means consequently facilitates the absorption of 
the remainder. When the process is protracted, the sub- 
endothelial connective tissue becomes involved and infil- 
trated with small cells, and a richly vascular granulation- 
tissue is farmed beneath the layer of proliferating endothe- 
lium. The endothelium itself becomes less abundant, and, 
if the inflammation subsides, the new granulation-tissue 
gradually develops into connective tissue, and thus a false 
membra*ie is formed, rich in vessels, which takes the 
place of the endothelial layer. As the liquid is absorbed, 
the two surfaces of the membrane come into contact 
and grow together, the new vessels become gradually 
obliterated. 

If the inflammatory process docs not subside, or from 
its commencement is of considerable intensity, it may be 
attended by the formation of large quantities of ])us. In 
this case the emigration of blood-corpuscles is so con- 
siderable that the young elements exist in largo enough 
numbers to give to tlie^ exuded liquids a purulent cha- 
racter. The condition is then termed empyema. As the 
connective tissue becomes involved and a granulation- 
tis.suc is formed, this may continue to generate pus like 
un ordinary granulating wound. If the pus be removed, 
the suppuration may gradually cease, the granulation- 
tissue develop into a fibrous structure, and the union 
of the serous surfaces thus be effected. The serous 
membrane becomes greatly thickened, and the new tissue 
undergoes considerable contraction in the process of its 
organisation. 
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INFJ.AMMATION OF THE L1VP:E. 

Inflammatory processes in the liver are eitlicr acute or 
chronic. Aaife. intlamiiiations, leading to sup[)nration, 
are usnally infective in their nature, reuniting from the 
transmission of infective materials from lesions in the 
abdominal organs or in other parts. The processes arc 
conse(piently most freqnemtly disseminated and confined 
to small portions of tho hepatic substance. The pns- 
corpnscles — which nsnally accumnlate so as to form an 
abscess -are almost entirely emigrants, although recent 
invofctigations render it highly probable that they may 
originate by the endogenous proliferation of the li ver- 
meils. 

These suppurative inllamraations are in the m.Tjority 
of cases pyajmic, and when pyrnraic they are usually 
multiple. Hepatic abscess is also common in tropical 
climates, and here the abscess is commonly single. These 
tropical abseti^^ises are sometimes associated with dysen- 
tery, and they may then probably result from the absorp- 
tion of infective substances from the diseasetl inttistino ; 
but in other cases the abscess appears to be due to a 
primary inflammation of the- hepatic tissue. As other 
causes of hepatic suppuration must be mentioned inllam- 
ination of the bile-ducts, such as sometimes results from 
gall-stones, &c. ; and external violence. 

Chronic- inflammatory processes in the liver, being of 
much less intensity, lead to a gradual increase in the 
connective tissue of the organ, afid consequently to indu- 
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ration jjnd to the subsequent atrophy of its proper struc- 
ture. They coiistituto what is known, as interstitial 
hipatitiSf or more commonly as Girrlibsis, 

niirniosis ov the liver. 

Cirrhosis of the lU'or, or interstitial hepatitis, is charac- 
terised by a "rndual increase in the connective tissue of 
the organ and by the subsequent atrophy of the liver- 
cells, so that when examined with a low magnifying 
power, the acini are seen to be separated by broad tracts 
of new interstitial gnjwth. (Fig. 114) 

Fm. 111. 



("irrhoftii' of the Licrr . — Sliowiiig Iho prowtli of coii- 
m’olivi* ti^suo bctwciMi the .liopatif lobules. liobiiles. 

Ik New growth of interlobular conxioctivo ti&suo. x 16. 

The process usually commences in the connective tissue 
surrounding the smaller branches of the portal vein, and 
gradually extends to that surrounding the larger ones, 
until ultimately the interlobular connective tissue through- 
out the whole organ may become involved. This tissue 
becomes infiltrated with small round cells, from which 
are produced a more or less completely fibrillated struc- 
tui^e, containing iu the fearlier stages of its development 
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numerous new blood-vessels, which are supfijied by 
branches of the Jiepatic artery. The change is some- 
times uniform, but more commonly it is much mure 
advanced m some parts than in others. In many places 
the cgllular inliltratlon may be coiisiderablc, whilst in 
others the fibrillatioii is much morj marked; and if the 
process lasts long enough, the vascular and richly-oellu- 
lar growth may gradually assume the characters of cica- 
tricial tissue, the vessels at the same time boconiing 
obliterated. (Sec Fig. 1)7.) In many cases this cun- 
nectivc tissue growth is not limited to the interlobular 
tissue, but extends inwards so as to involve the inter- 
eellular network of the organ, which becomes much 
thickened and intiltratcd with small cells. (Fig. 115.) 

Fio. 115. 



rin'hosis of tlir f/irer . — /V tliin soriion fnnn tin* ox- 
toriial portion wf ouo of tho liopulin 
tli<" iu*\v growth of l•olUlOl•t,ivo rishuc, and tJiu way in 
which it involves thu iutcrcclluhir network and .,an.scs 
atrophy of the liver- ctdls, x SCO. 

The effect of the new growtli is ultimately to cause 
atrophy of tho hepatic cells, and to obstruct the dircula- 
, tion through the portal capilliaries and the passage of 
bile through the bile-ducts. This effect is materially in- 
creased by the process of coAtraction which the new 

• Bug 
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tissue undergoes. The hepatic cells in the outer zone of 
the lohules are the first to atrophy. The cells become 
smaller, often undergo fatty metamorphosis, and ulti- 
mately are completely destroyed. (Fig. 115.) Those in 
the central parts of the lobule are in the earlier stages 
but little altered, although tliey are often stained with 
bile. As the growth- extends, liowever, these also become 
annihilated, and the whole lobule may be replaced by con- 
nective tissue. The cells in the outer part of the lobules 
are sometimes infiltrated with fat prior to their destruc- 
tion, the cirrhosis being associated with fatty infiltration. 
(See Fig. 8.) 

In adtlition to the changes described, there is another 
condition often met with in cirrhosis — viz , a development 
of numerous biliary canal ienli in the portal canals. This 
is invarialdy present in that form of the disease which 
results from long-continued obstruction of the bile-ducts 
(Hiliary Cirrhosis); but it appears not to be character- 
istic of this, being also sometimes met with in alcoholic 
cirrhosis, and in the cirrhosis of phthisis * 

T’he j)hysical characters of the cirrhosed liver vary. In 
the earlier stages of the disease the organ is probably 
always more or less increased in size ; the enlargement 
being almost uniform, and tbeedgo rounded and thickened. 
Later, atrophy and contraction take place, the liver 
diminishes and presents an irregular nodular surface. In 
other cases, however, the enlargement of the organ is con- 
siderable, there is but little subsequent atrophy, and the 
surface remains comparatively smooth^ up to the time of 
death (Hypertrophic Cirrhosis). 

Kesj)ecting the causes of these differences in the size of 
the liver, we are at present unable to speak certainly. In 
that form of cirrhosis which results from biliary obstruc- 
tion, and which is characterised clinically by persistent 
jaundice and the absence of ascites, there is, as already 

• Sec Papor on “ Uyiiertropbic Oirrhoeis of Liver,” by Dr. 
Sauudby : Tram, rath, Hoc. 1879, vol, xxx., p, 3Ul, 
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stated, a considerable development of biliary ca»aliculi in 
tbe portal canals, and it is in this variety also that thgre is 
usually a marked infiltration of the intorcellular tissue. 
These livers are commonly f^reatly enlarged and do not 
undar^o subsequent contraction, 'fbo difTeronccs in the size 
of tlie liver in alcoholic cirrhosis probably depend in great 
measure upon differences in tbe age of the new growth, 
and in its distribution. In the large livers the growth is 
usually richly cellular and very generally distributed, 
often involving the intercellular tissue; whilst in the 
smaller atro])hic forms of cirrhosis it is commonly more 
fibrous and loss cellular in character, and its distribution 
is more partial. It is probable that in the larger livers 
the growth is in an earlier stage of development, and 
that if the patient had lived, the organ would have dimi- 
nished in size. When the growth is irregularly distri- 
buted, it necessarily causes more irregularity in the con- 
figuration of the liver than when the distribution is more 
uniform. In some cases the large size of the organ is 
due to the cirrhosis being as^ociatcd with fatty infiltra- 
tion. (See Fig. 8.) 

The cirrhosed liver is always increased in consistence. 
It breaks down less readily under the finger, and ivS often 
exceedingly firm and tough. On section, the new tissue 
is visible to the naked eye surrounding the lobules and 
in many parts completely replacing them. This gives to 
the cut- surface a mottled granular appearance, the 
lobules thepisolves contrasting with the new interlobular 
tissue ; and this appearance is sometimes increased by 
fatty infiltration oE the cells in the peripheral zone. The 
capsule also may be thickened, and the organ is fre- 
quently stained with bile. 

The pbliteration of the portal capillaries by the new 
tissue gives rise to ascites, hmmatemesis, diarrhroa, en- 
largement of the spleen, and to the other results of portal 
congestion. Obstruction of the bile- ducts, although it 
may cause staining of the hepatic substance, is rarely 
such as to interfere with the f assage of the bile into the 
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intestiiK^ and hence there is usually but little general 
jaundice. Tn biliary cirrhosis jaundice results from the 
biliary obstruction which is the cause of the disease. 
The destruction of the liver-cells, by interfering with the 
glycogenic function the organ, leads to marked ^ ^tcr- 
fcrcnce with general i^ntrition. 

ACUTE \ELUOW ATllOrUY. 

I'll is exceedingly rare disease of the liver is charac- 
terised by a rapid diminution in its size, and by destruc- 
tion of the hepatic cells. The organ may, in the course 
of a few days, be reduced to less than half its natural 
hulk, being especially diiuinishod in thickness. It is soft 
ainl tlabhy in consistence, bloodless, and of a dull yellow 
or yellowish-red cohuir. The lobules are indistinguish- 
able. When exaiuiuod microscopically, the liver-cells are 
found t<j he complettdy destroyed, being replaced by 
granular debris, fat granules, aud pigment. Tyrosin 
and leuciu have been found in the disintegrated liver- 
tissue. 

The pathology of this disease is exceedingly obscure. 
Hy some it has been rcgardinl as an acute inflammatory 
process, by olliers as a passive degeneration. 
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INiaAMMATIOX OF THE KIDNEY. 

IxFLAMAfAToiiY processos in the kidney present ceviaiii 
variations according to their intensity. They fOin])ris<) 
,s»p/)a}v///re, and IntfirsliilaL nephritis. (H‘ these, 

suppurative nephritis, as the name implies, is an iiitons(j 
indamination leading/ to the formation of abseess. 'Phis 
usually results from the transmission of infective ma- 
terials Irorn some primary lesion (pytumic), or it is asso- 
ciated with some inllammatory condition of the lower 
urinary passaires. Tubal nephritis is also an inllaiiima- 
tion of considerable intensity, and in it the striictural 
changes have their principal seat in the tubular epithe- 
lium. Interstitial nephritis is an iiiHammatory prf)cess 
which runs a more chronic course, and is of less intensity 
than either of tJie preceding. Consequently in it the 
j)rincipal structural changes take place in the connective 
tissue around the blood- vessels— in the intertnbiilar con- 
nective tissue, (See “Chronic TnHainmations.’’) It 
must, however, be distinctly borne in mind that these 
two varietit* of liistological changes — those in the tubular 
eihthelium and those in the intertubular connective tissue 
— are very constantly associated. Tubal ami interstitial 
nephritis cannot therefore be separated from one another 
by any distinct line of demarcation. They might, per- 
haps, be more correctly designated acuta and vhconic 
nephritis. 

• SUPPURATIVE NEPHllTTIS. 

Acute inflammatory processes in the kidney attended 
by the formation of pus, give lise to renal ahtcesseB. Such 
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processes, as already stated, are often infective in their 
nature, Resulting from the transmission of infective ma- 
teitals from some primary lesion, as in pyiemia ; apd they 
also occur in connexion with inflammatory conditions of 
the urinary passages. In the latter they constitute what^^ 
is commonly Icnown as the “ Surgical Kidney.” ’ ^ 

The abscesses iuct**.vjth in the kidney as the result of 
pymmia are principally confined to the cortex, and they 
resemble pymmic abscesses in other organs. They are 
usually multiple, and are often surrounded by a thin zone 
of red hyperiomic tissue. Their characters have been 
already described in the chapter on embolism. (See 
“ Results of Embolism.”) 

SuuCfiCAr. Ki ONE V.-— This is the name commonly given 
to those inflammatory conditions of the kidney which 
result from increased urinary pressure and inflammation 
of the lower urinary passages. These renal inflamma- 
tions frequently occur in association with renal and 
vesical calculus, obstructed ureter, urethral stricture, 
enlargement of tlic j^rostate, &c. These, and other 
similar conditions, not only tend to impede the flow of 
nrine and so to cause increased urinary pressure above 
the obstruction, hnt also, in most cases, to set up more or 
less inflammation of the lower urinary passages. 

The changes which occur in the kidney vary. Simple 
long-continued increase of urinary pressure resulting 
from some obstruction to the flow of urine gives rise to 
chronic renal changes, which are characterised mainly 
by more or less cellular infiltration of*tho intertubular 
connective tissiio. (“ Interstitial Nephritis.”) This cel- 
lular infiltration, which is exceedingly irregular in its 
distribution, occurs hoth in the pyramids and cortex. 
The tubules are in some ))arts found blocked with 
epithelium, whilst in others they are wasted or obliterated. 
The walls of the small arteries are not thickened. Owing 
to these changes, the kidneys are somewhat enlarged, the 
capsule is slightly adherent, the cut-surface paler than 
natural, and the consistei^ce of the organs abnormally 
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tofch. As the process proceeds tbe pyramidal 4 )ortion 8 
^'ra^ally become absorbetl, the absorption commeucinjj at 
the Mpillai and extending until ultimately not only the 
pyrt^ids but also the thickened cortex may disap|)car, 
and Tie kidney bo converted in.to a Jparge cyst. If, on the 
othuf band, the urinary obstruction be removed, the pro- 
cesses of inflammation and absorption may cease, and tho 
indurated kidney will then become contracted. 
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Surfjiwl Kiffnej /. — At the lower part of the fij^iire is seon the 
cnlhiliir inHltratiou of tho intoi tubular tissiu*, and tho blocking 
ot tho tubes with cpitlieliuiii aud lcuiMn:yU*H. At tho upper 
part., thoro is tho c«jiiiniouoiijg formation of an alwcoss. x lOO. 

In other cases, and especially when the urinary 
obstruction is associated with inflammation of the lower 
urinary passages, the pn^cess is much more acute, the 
cellular infiltration of the intertubular tissue is much 
more abundaut, and the young cells (emigrants) accu- 
mulate in certain situations in such numbers as to give 
rise to abscesses. (Fig, 116.) Che blocking of tho tubes 
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with epithelium is then more marked, and many of 
thg^ are found filled with the emigrant leucocytes. 
The kidneys in such cases are usually not only enlarged 
and pale, hut soft, although their consistence, will 
depend upon the cxisjenco or not of the more chrome in- 
terstitial changes, an(J yellowish -white patches of various 
sizes are seen on their cut-surface. Many of these 
patches have purulent centres, hut they are not commonly 
surrounded hy a zone of red hypcrmmic tissue, as in 
pyannia. Yellowish lines and strim are also often seen 
extending- from the papillai to the bases of the pyramids, 
^rhis acute suj>puraUve process may occur indc[>eudciitly 
ot the more chronic lesions. Much more commonly, 
however, it supervenes in kidneys which have already 
niulergone the more chronic and dilViise interstitial 
changes, and its supervention app(‘ars not unfreipiently 
to he determined by the ])crformanoe of some surgical 
oj)eration iu connexion with the bladder or urethra. 

Respecting the pathology of these changes in the 
kidney — they undouhtedly result from the inllammatory 
coinlition of the urinary passages, and the impediment 
to the escape of the urine with which they arc associated. 
As to the manner iu which these conditions produce the 
kidney changes we are unable to speak certainly. The 
simple tension due to the urinary impediment is in itself 
sufficient to cause chronic interstitial changes. Respect- 
ing the more acute processes, Dr. Dickinson believes that 
in many cases these are due to the absorption of septic 
substances contained iu the urine.* According to Mr. 
Marcus Beck, reflex irritation of the kidney caused by 
injuries of the bladder from calculus, operative inter- 
ference, &c„ is often an important causative element-f 


* Dickinson, on “ Dissominatc'd Suppumtion of tlio Kjdnny:” 
Mill -Chir. Trunit.^ vol. Ivi. 

t Marcus Btsck, on “Nephritis and Pyelitis consecutive- to 
Affoctionsof the Lower Urinary Tract Itiynvtls^ System o/Meilicine^ 
vol. V, • 
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TUBAL NEPrillITlS. 

• 

Tubal, parenchymatous, or acute nephritis, is tliat sub- 
acute, inflammation of the kidney which constitutes tlie 
more acjite form of Hrif^lit’s disease ^-that form which is 
chari^terised by a more or less marl^3d beginning, scanty 
and higlily albuminous urine, and dropsy. In its more 
advanced stages it is the large kidney of chronic Bright’s 
disease. 

The changes which take place in the kidney have their 
seat mninly in the cortex. They comprise increased 
vascularity and e\’iid;itif»n into the urine tubes, and 
swelling with, probably, proliferation of the tubular 
o]ntheliuTu. 'I’he prominence of the vascular phenomena, 
however, varies very considerably m dllForent cases. 

In the most acute cases of Bright’s disease — those 

Em. 117. 



Titt>al Xejjhrifift.— Tlio oarlicrstage of tlip process. Show- 
ing the swelling of the tubular epithelium. In sonio of the 
tubes the epithelium has fallen out during the preparation 
of the section, x 2U0. * 
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which iire induced suddenly from exposure to cold, the 
Vi^scular changes are marked. In these cases the con- 
traction of the cutaneous vessels and the check to the 
function of the skin ca'usod by the chilling of tbe sur- 
face, lead to considerable hyperajmia of the-> organs. 
There is abundant exudation into the urine-tubes’lnany 
of the cai)ilU.ries at the same time frequently rupture, 
and thus tlicro is an escape of blood-corpuscles and of 
liquor sanguinis into the tubes of the cortex ; hence the 
blood and “ blood-casts” in the urine which are so 
characteristic of the early stages of these most acute 
forms of flic disease. lu this stage the process may 
quickly subside, and, with the exception of some swelling 
and desquamation of the tubular epithelium, no further 
alterations take place in the kidney. 

Fio. 118. 




TiOtal Nephritis — a Sinfjle Crine Ttibe . — Showing the nc- 
cumiilatioLi withiu the tube. In the few epith- liiil colls 
wiiich have escapod, is seen the granular cunditii>n of the 
protoplasm, x 200. 

tn the less acute cases the vascular phenomena are 
less marked, and important changes take place in the 
tubular epithelium. The epithelial elements become 
swollen and granular. (Fig. 117.) The granules, which 
are often so numerous as to occlude the nucleus«o£ the 
cell, are soluble in acetic acid, and thus differ from 
molecular fat. This is the condition known as “ cluudy 
swelling.” Many small cells are also seen witbin the 
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tubes, and these have been supposed to be the products of 
epithelial proliferation. It is probable that some of th^jn 
are thus produced, although the majority must be re- 
garded as having escaped from* the vessels. Owing to 
these cluinges the tubes become di^ended with cellular 
elernc^it*. (Fig. 118 ) 

In addition to the coil-forms, many of the tubes also 
contain hyaline cylinders, which are . commonly regarded 
as consisting of coagulated substances which have es- 
caped from the vessels. By many pathologists, however, 
this hyaline materal is supposed to be the product of a 
mucoid, or some allied, metamorphosis of the epithelium. 
The cell-forms contained within the tubes adhere to this 
hyaline substance, and some of them are washed away 
ainl afipcnr in the urine as “ epithelial casts.” A varying 
numher of emigrant leucocytes are also usually found 
around the ^L^lpighian tufts. 

The alterations which these changes produce in the 
jdiysical characters of the kidneys vary according to the 
extent of the hypera^mia. The organs are always con- 
siclerahly increased in size, and more or less abnormally 
vascular. 'Phe capsule separates readily, exposing a per- 
fectly smooth but vascular surface. The consistence is 
diminished, the tissue breaking with a soft, friable frac- 
ture. On section, the increase in the size of the organ, 
is seen to be principally due to the increased thickness of 
the cortex. This is either of a reddish-brown, or of an 
opaque-white ^or pale butf colour ; these differences de- 
pending upon the relative proportion of blood and of accu- 
mulated intra-tubular elements. Although in the earliest 
stage of the most acute forzus of the disease the colour is 
redder than natural, it psually soon becomes pale and 
opaque. This is owing to the. swelling of the epithelial 
elements and to the accumulation in the cortical tubes. 
The blood becomes expressed from the intertubular 
vessels, and hence the increased vascularity is moat 
evident in the Malpighian corpuscles, beneath the cap- 
sule, aUnd in the pyramidal poifion of the organ. The 
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Malpi^Jiian corpuscles stand out as preeminent red points', 
and the pyramidal cones are of a deep red colour, thus 
contrasting strongly with the pale opaque cortex. 

Tlie terniination of the process varies, 'the increased 
vascularity and cidtlielial change may, as already stated, 
subside, and the iiiHanimatory products passing 'awiy in 
the urine, the organ '^gradually returns to its normal con- 
dition. Tn other cases the disease continues ; and although 
the vascularity diminishes, the vitality of the epithelial 
elements become so niucli impaired that they undergo 
retrogressive changes. T'hc colls then continue to come 
away with the urine, adherent to the casts, but instead 
of j)resehting the swelled granular appearance as in the 
earlier stage of the disease, they contain molecular fat. 
This fat gradually increases in amount as the degenera- 
tion proco(3ds, until uHiniaiely the cells are destroyed, 
and it appears as free molecules and grAnules on the 
tube-casts. 

This fatty tlegcneratioii of the epithelium is attended 
by corresponding changes in the appearance of the oi*gan. 
The redness diminishes, and the Malpighian corpuscles 
are less prominent. TJie enlarged cortex presents a 
yellowish -white tinge, studded with minute yellowish 
streaks. This is owing to the presence of fat in the 
tubes of the cortex. This fatty stage, if only slightly 
advanced, may undoubtedly pass off. 'I he degenerated 
cells arc carried away by the urine, from those which 
remain in the tubes the fat is probably partially absorbed, 
the retrograde process gradually ceases, and the organ 
returns to Jiearly its normal size and condition. In other 
cases the degeneration continues, and, owing to the loss 
of epithelium, the kidney becomes somewhat diminished 
in size. This atroi)hy, however, I believe never occurs 
without changes in the intertubular connective tissue. 

When the inflammatory process is of longer duration, 
or when the kidneys are the .seats of repeated attacks 
of sub-acute inllammation, the intertubular connective 
tissue invariably bccoma'; involved. This tissue becomes 
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infiltrated with small cells which ultimately tcnc^ to form 
a fibrillatcd structure. (Fig. 110.) 'fhe new intertubular 
growth may gradually increase, and so load to more or 
less Jrregular atrophy of the» organ, such as will be 
described as occurring in interstijLial nephritis. (Sec 
“ Ini^ei^stitial Nephritis.”) In other cases death ensues 
before any inarko<l atrophy has taken place, and thus the 
organ may remain smooth and large to the termination of 
the disease, 'rho intertubular growth is sometimes found 
thickly studded with fatty gi’anules. 


Fio. 119. 



Tuhtil Srithrititi. — Dur.iti()ri «f (lisojiso, six months. 
Kulni^ys Inv^t; ; non-.‘ulliorcnt ; surface, smruith ; 

tisjsnr, soti. — Showing, in addition to tho intratubulav 
chango, thv cellular intiltratiou ut tho intortuLmlar coii- 
lu'Cttvo tissue, x ‘200 

ScAiiLATJXAL NEriiiUTis. — The changes which lake place 
ill the kidney in scarlatina were formerly regarded as 
precisely similar to those which have been just described 
as tubal nephritis. Recent investigations, however, show 
that this view requires considerable modification. It has 
long been known that in scarlatina cases sometimes occur 
in which tho kidney change differs from the type of ordi- 
nary acute nephritis ; and sucll cases have been described 
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by Prof *Kleb8, as f/louiervln-nephritis. It is mainly, liow- 
evej^, owing to the more recent researches of Dr. Klein 
that any exact kfiowledge of the scarlatinal kidney 
exists.* The changes as described by Dr. Klein mi\v be 
thus briefly siimivarit^ed : — 

The earliest change.^— those ocenrring during the'^lrst 
week of th() disease — c'omprise : — 

1. Increase of the nuclei covering the glomeruli of the 
Malpighian corpuscles. 

2. Hyaline degeneration of the elastic intima of minxite 
arteries, especially of the afferent arterioles of the Mal- 
pighian corpuscles. This change produces a swelling of 
tlie iiitima, so as in some places to cause a distinct nar- 
rowing of the lumen of the vessel. T'he capillaries of the 
Malpighian corpuscles are in parts altered in the same 
way, in conse(iucuce of which many of them become im- 
permeable. 

These marked and early changes in the Malpighian 
corpuscl(‘s are important, as helping to explain those 
cases which are occasionally met with, in which death 
occurs from anuria and unDmia,nud no catarrhal or other 
conspicuous alterations are found in the kidneys. 

3. Multiplication of the nuclei of the muscular coat of 
the minute arlc*rie8, and a corresponding increase im the 
thickness of the walls, of these vessels. 

•t. Cloudy swelling of the epithelium in the convoluted 
tubes, with multiplication of the epithelial nuclei. Gra- 
nular matter and even blood may also bo .found in the 
tubes, and in the cavity of Bowman’s capsules. These 
parenchymatous changes arc in the early stages of the 
disease but little marked. 

The later changes— those’ occun-ing after the first 
week — consist in : — 

5. A cellular infiltration of the intertubular connective 
tissue of the cortex (interstitial nephritis), together with 

• “ The Aiiatomiral Changos of the KulueyAnd otlior Oigans in 
Scarlatina of Man,’’ by Dr. Klein : Tratis. Path. Soc. Lond.^ 1877. 
Vol. xxviii. * 
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an increase in the epithelial ch^ges, and a crowding of 
the tubes with small round cells (leucocytes). 1)he cel- 
lular infiltration commences around the larger vascdlar 
trunks, whence it spreads rapidly into the bases of the 
pyrafnids, and especially into the cortex. As it increases 
the ^eptthelium undergoes fatty degeneration, and the 
urine-tubes gradually become oblitdtatcd. 

INTEllSTITIAL NEPHEITIS. 

Interstitial or chronic nephritis is characterised by a 
gradual increase of the connective tissue of the kidney 
and by atrophy of th(5 tubular structures. This, as has 
been seen, often occurs in the more advanced statres of 
tubal nephritis (see Fig. 119); in scarlatinal nephritis; 
and also as a result of obstruction in the lower urinary 
passages. It is, however, most frequent, and constitutes 
the most prominent stnictural change in that variety 
of Bright’s disease which is known as chronic Bright’s 
disease with contracted kidney, and which is characterised 
clinically by insidious onset, increased secretion of urine, 
with tlic absence both of albuminuria and of dropsy. 

The cliangcs in the kidneys in this most chronic form 
of Bright’s disease are usually exceedingly gradual in 
their onset, and are not preccdcii by any marked vascular 
phenomena or by any activity in the tubular epithelium. 
The first change appears to consist in some cellular in- 
filtration of the intertubula’r connective tissue. (Fig. 
120.) Usually, however, the cells are not numerous, and 
the new tissue is more or less developed into a fibrillated * 
structure. Tliis is the condition in which it is commonly 
•met with. These changes are almost entirely limited to 
the cortical portion of the kidney, and although here they 
are more or less general, the new growth is more abundant 
in some parts than in others, being usually most so 
around the Malpighian bodies and in the neighbourhood 
of the capsule, with which it is closely united. In this 
stage the tubes and their cpitl^lium are unaffected. 
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In tlys early stage, the kidney may be somet^hat in- 
creased in size, the capsule usually separates less readily 
than in health, and the surface of the organ is slightly 
granular. On section, the cortical substance is in some 
cases paler, in others redder than natural. The cut-sur- 
face also looks obscur(5ly granular. The Malpighian bodies 
stand out as red points, and the bases of the pyramids 
and surface of the organ are sometimes hypora3mic. The 

Pig* 120. 



InteratU'.nl Nephritis . — Tho earlier stage of the process. 
Showing tho cellular iiifiltratiun of the iutertpbular «:on- 
iicctivo tissue, Tho epithcliura has fallen out of some of 
the tubes during tho prepaiution of the seotiou. x 200. 

consistence of the kidney is usually slightly denser and^ 
tougher than natural. This, however, will vary with the 
<iharacter of the new growth, as will also the increase in 
size and the irregularity of the surface. If tho new tissue 
is slowly developed, the size will be but little increased, 
whereas the increase in consistence and tho granular con- 
dition will be more marked. If, on the other hand, the 
process be more rapid, azrl the cellular infiltration more 
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abundant, there will be a greater increase in the^sizc, the 
granular character will bo slight, and the consistence may 
be even softer than natural. 

The second stage in the process is characterised by the 
atrophy of the tubular structures. This is probably 
owing to the pressure excrefted by the intortubular 
growth, and to the cicatricial contraction which it often 
undergoes. The atrophy consequently is not uniform, but 



Interittituil XephrUis . — An advanc»Ml Btago tho process, 
Sljowiiig tho intertnbular tissue with tho jrmniilar and fatty 
dtibris whiclii result from tho degoncrution. x 100. 

is more marked in some parts than in others. The tubes 
are now found in many parts diminished in size, or com- 
pletely obliterated ; whilst in others they are irregularly 
dilatt'd, and filled with degenerated epithelial products. 
Their walls are usually thickened. As tho atrophy pro- 
ceeds the intertnbular tissue thus becomes mingled with 
the granular and fatty debris which results from the 
retrograde process. (Pig. 121.)* The Malpighian bodies 
become approximated, and the secreting structure through- 



388 


INFT.AMMATION OF THE KIDNEY. 


out large tracts of the kidney is destroyed. (Fig. 122.) 
The irregular pressure exorcised by the new growth also 
gives rise to the formation of cysts. These originate 
partly in the Malpighian capsules, and partly in the 
urine tubes — the latter becoming irregularly dilated. 

Vi • 

» Fig. 122. 



Interstitial Nephritis , — ^A very advanctid stago of tho process. 
Showing the large amount of tissue betwc*cn the tubt*s of tho 
cortex, and the extensive atrophy of tho tubes. The degene- 
rated epithelium which was contained in some of the tubes has 
fallen out in the preparation of the section, x 50. 

• 

The ^mall arteries of the kidney also undergo im- 
portant alterations. These were first described by Dr. 
Johnson. Dr. Johnson states that the walls of these 
vessels are thickened, owing to hypertrophy of their 
longitudinal and circular muscular fibres. This change is 
well represented in the accompanying drawing. (Fig. 1 23.) 
Both the internal longitudinal and the external circular 
muscular fibres are considerably increased. The external 
fibrous coat of the vessel is also thickened, and it appears 
to be continuous with the new intertubnlar tissue. This 
thickening of the external coat has been especially in- 
sisted upon by Sir W. filuU and Dr. Sutton. I have 


m 

Arteries fr<m coniracte4l Kidnet/ of adcanced Chronic J}rif/hVa 
Disease. — a. Lougitudiriiil Bcction, Bhowing the great thickening 
of tho internal longitudinal and oxtcmal circular tnUHcnlni* coat, 
also of tho outer fibrous coat. b. Transverse section of another 
v<^sBul loss diKcased. Here is seen t)u« thickening of tho cir> 
cular muscular and external fibrous coat, x 200. 

In tins lAore advanced stage of the disease tho kidney 
is diminished in size. Its surface is more granular, the 
capsule more thickened and adherent, and it cannot be 
removed without tearing the kidney substance. The 
superficial vessels are seen unduly marked ill the depres- 
sions between tho granulations. The cortex is tough 
and fibrous, of a reddish, yellowish-grey, or buff colour, 
mottled with yellow streaks and patches; and usually 
numerous small cysts are di.stributed throughout it. 
Calcareous deposits are also sometimes seen as white 
streaks between the tubes of the pyramids. 



CHAPTER XLIV. 

INFLAMMATION OF THE BRAIN AND 
SPINAL CORD. 

iNfLAMMATOiiY proccssos ill thc nei*von8 centres are pro- 
bably much less frocpient than was formerly supposed. 
Many of those morbid changes in the brain and spinal 
cord which are attended by softening, and whicli were at 
one time regarded as the result of inflammation, are now 
known to owe their origin to simple interference with thc 
vascular supply, such as results from thrombosis, embo- 
lism, or degenerative changes in the walla of the blood- 
vessels. (See “ Cerebral Softening.”) 

The injury which determines the occurrence of intense 
inflammations in the brain or cord is most frequently 
some external violence — a blow, simple concussion, or 
fracture of the osseous framework. In other cases it is 
diseased bone, as in the inflammation of the brain which 
so often results from disease of the petrous portion of the 
temporal bone. Lastly, in a comparatively .few number 
of cases these inflammations are pymmic. 

The inflammatory process is almost invariably limited 
to small portions of the cerebral or spinal substance. The 
earliest change consists in a more or less intense and 
localised hyperaemia, which, is frequently attended by 
rupture and minute extravasation's of blood. The nervous 
tissue then becomes infiltrated with young cells and con- 
siderably softened, and it presents a uniform red or 
mottled colour. This red softened tissue gradually ac- 
quires a brownish or bro^/nish-yellow colpur owing to 
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changes in the hnomoglobin. The nerve-fibres, nojve-cclls, 
and cells of the neuroglia then become disintegrated and 
often undergo. more or less fatty degeneration ; and tlius 
the so-called “inflammatory** “ exudation corpuscles*’ 
are frequently met with. (See Fig. 15.) 

Ip fiaany cases the accumulatifin of young cells is 
sufficient to give rise to the forinai^on of an abscess, and 
a yellowish or reddish purulent liquid gindually takes 
the place of the original softened mass. The tissue sur- 
rounding the abscess is also hyperannic, softened, and 
infiltrated with cells. The cellular infiltration may 
gradually extend, and thus the abscess increase in size 
until it opens either externally or into the ventricles. In 
other cases the abscess becomes limited and encapsiilcd 
by the formation of connective tissue from the neuroglia, 
and this tissue often forms a delicate network traversing 
the cavity. When the products of these intense inflamma- 
tions liavo thus become encapsuled they may gradually 
dry up into caseous or calcareous masses, or the absorp- 
tion may be more complete, so as to leave little more than 
a cicatrix. Eospccting the source from which the young 
cells are derived--- they are probably entirely emigrants. 
The nerve-cells themselves, and the cells of the neu- 
roglia, appear to undergo no active changes in ^ in- 
fiammation. 

Supi)urative inflammations are much more common in 
the brain than in the spinal cord. In the latter the 
inflammatory process is rarely of sufficient intensity to 
produce abscess ; it causes merely softening of the nervous 
tissue, and, when not secondary to a meningitis, usually 
involves primarily and principally the . central grey 
matter, (myelitis.) ♦ 

Inflammatomy Softening of the Brain and Coed. — 
Conditions of softening of the cerebral or spinal sub- 
stance resulting from inflammation, other than those 
which have been above described, probably rarely occur 
as 'primary lesions. Most varieties of softening which 
were formerly^ described as yflammatory— either from 
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the red (oloar of the softened tissue or from the acute- 
ness of the process — result, as already stated, from vas- 
cular obstruction ; either from the more sudden occlusion 
<jf the vessels by an embolus or thrombus, or from; the 
more gradual obstruction due to atheromatous,^ calca- 
reous, or syphilitic disease of the v.ascular walls. (See 
“ Cerebral Softening.*’) Inflammation and consequent 
softening of the nervous tissue, however, sometimes 
occurs as a eecorulnry process. It takes place especially 
around clots of blood Or other morbid products within the 
brain or spinal cord, and rcshlts from the injurious in- 
' fluence which these substances exercise upon the imme- 
diately adjacent structures. Such a result is not unfre- 
quent in cases of cerebral hnomorrhage. The nerve-tissue 
immediately surrounding the clot becomes the scat of an 
inflammatory process, and it is found after death softened, 
hypermmic, and infiltrated with young cells. Inflamix^- 
tion of the su])erficial portions of the cerebral and spinal 
substance may also occur as the result of meningitis. 

SCLEROSIS OP THE BRAIN AND SPINAL CORD. 

The term^“ sclerosis”, is applied to certain changes in 
the nervous centres which are characterised by an increase 
of the connective tissue (neuroglia), and by atrophy 
and degeneration of the proper nei'voua elements. The 
affected portions are, for the most part, increased in 
consistence; sometimes, however, they are softer than 
natural. They usuajly present a somewhat translucent 
appearance, and are of a greyish colour ; hence the change 
has been called “ grey degeneration.” The grey colour 
appears to depend upon the loss of the white substance 
of the nerve-libres. The altered tissue also stains deeply 
with carmine. This is owing to the fact that the white 
substance of the nerve-flbres does not stain, but the con- 
nective tissue stains deeply. Hence the degree of stain- 
ing is valuable as indicating, even to the naked eye, the 
degree of the sderosis. ^ 
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When the diseased portions of the brain and«cord are 
examined microscopically, the cut ends of the n<yvo- 
fibres are seen, in transverse sections, to be separated by 
a gianular, finely nucleated, anfl often partially fibrillatod 
tissue^ which evidently originate^ from the neiiroglia. 
(Fi|^. 124-.) The nerve-fibres themselves are atrophied, 
as are also th(5 nerve-cells when the grey matter is in- 
volved ; and in advanced stages of the process but few 
axis-cylinders or nerve-cells' may be visible. In many 
cases the nucleated character of the interstitial growth is 
wanting. The walls of the blood-vessels are also stated 
to be thicheued, and their nuclei to be increased. 


Fio. 124. 



Srlerosi^i of Spiml Cord , — From a case of Pro- 
groeaiyo MusciiIju- Atrophy, A transverse section. 

Showing? the atrophy and disappf*ani,Tico of the 
iicrvc-tibrca,* and tho new tissue between them. 

X 200. 

Sclerosis is more common in the spinal cord than in 
the brain. In the latter it occurs most frequently in 
small patches limited to certain portions of tho brain. 
These must be distinguished from the cicatrices left after 
the absorption of blood or of inflammatory products. 
Sclerosis of the cord may in the same way be localised 
and more or less disseminated ; more commonly, however, 
it implicates only particular nervous tracts. It occurs 
thus in the posterior columns of the cord in locomotor 
ataxy, in the anterior cornua in progressive muscular 
atrpphy, and in the pyramidal tracts as the result of 
destroying lesions in the moto§ tract above (“ Secondary 
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Degeneration”). In the localised and disseminated forms 
of ^lerosis the cellular character of the new growth is 
usually more marked than it is in the simple uniform 
sclerosis which involves ijorticular nerve-tracts. < 
Kespeoting the nature of the change — it is probably in 
many cases the result of a chronic inflammatory process, 
the new growth of connective tissue leading to the de- 
struction of the nerve-elements. In other cases, however, 
the atrophy of the nerve-tissue appears to precede the 
interstitial increase, so that the process would rather bo 
regarded as a passive degeneration. This is probably 
the case in the secondary degenerations of the cord. 



CIIAPTEll XLV. 

INFLAMMATION OF THK LUNGS. 

In tlie lungs, inflammatory processes comprise the ihr-oe 
following principal varieties : — Croupous, hronrho- or 
ntJarrIud, and chronic or iufcrstitial pneumonia. Ot‘ 
these, the former occurs as an independent affection, 
whereas the two latter are inually.the result of some 
antecedent bronchial or pulmonary inflammation, 

CllOUmirS PNBliMOXIA. 

Crovpons, oxndative, or lobar pneumonia, is that form 
of pulmonary inflainination which is met with in the 
disease hnown as acute primary pneumonia. This is 
now regarded as a <jeneral disease of which the pneu- 
monic consolidation is the prominent local lesion. 

The local process is characterised by intense inflam- 
matory hypermmia of the lung, wnd by the exudation of 
a large amount of coagulable material into the pulmonary 
tissue. It i^ termed “ croupous” by the Germans, from 
the supposed resemblance of the histological process to 
that of croup. The. term " lobar” is applied to it because 
it almost invariably affects an extensive portion of the 
lung. The process is commonly described as consisting 
of three stages — 1st, that of ; Sind, that of 

red hepatiaatwn ; and 3rd, that of yrey hepatization. 

In the first stage, that otengonjemenf, the lung becomes 
exceedingly vascular, the changes in the blood-vessels and 
circulation being such as have been already described as 
characteristic of inflammation* The organ is of a dark 
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red coloiv, its specific gravity and absolute weight are 
increased, its elasticity is diminished, it is less crepitant 
and more friable than natural, and pits upon pressure. 
Its cutr surface yields a riddish, frothy, tenacious liq^uid. 


r Fig. 125. 



Croupous Pneumonia — Red Hepatization , — Showiiig tbo 
fibritiotis coagulum in one of the pulmonary alveoli, on- 
closiuf^ within its meshes numerous loucocyt<5S, which are 
ali*cn(iy commencing to undci^o fatty metamorphosis, A 
few leucocytes arc also seen on the alveolar walla, and the 
alveolar epithelium is swoKen and granular, x 200. 
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III the stage, that oired hepatization, there is aa 
exudation of liquor sanguinis and migration of b^od> 
corpuscles into the pulmonary tissue. Some of the vessels 
niaj also rupture, and thus snail extravasations occur. 
'Pho exuded liquids coagulate within the air-vesidles and 
terminal bronchioles, the coagulnm enclosing numerous 
white and some red blood- corpuscles. (Fig. 125.) It is 
stated by some German pathologists that the coagulum 
is in part produced by certain changes in the epithelium 
like those believed to occur in croup. (See “ Croupous 
Intlaminatiojii of Mucous Membranes.”) The lung is 
now much heavier than in the preceding stage, and is 
increased in size, so as to be often marked by the ribs. 
It is cpiite solid, sinks in water, and cannot be artiticially 
inilated. It docs not crepitate under the fingers, but is 
remarkably friable, breaking down readily with a soft 
granular fracture. The cut surface has * a markedly 
granular apiiearancc, .seen especially when the tissue is 
torn. This is owing to the plugs of coagulated exudation 
matter which fill the alveoli. The colour is of a dark 
reddish-brown, often here and there passing into grey. 
This admixture with grey sometimes gives a marbled 
appearance. Throughout this stage there appears to be 
but little alteration either in the alveolar walls or in the 
alveolar epithelium. On the former are often seen a few 
leucocytes, apd the latter is usually swollen and granular. 
(Fig. 125.) The pleura covering the solid lung always 
participates more or less in the inflammatory process. It 
is opaque, hyperaemic, and coated with lymph. 

The third stage, that of grey hepatizatioti, is charac- 
terised by a continuance in the emigration of leucocytes, 
and by cell-proliferation, llie white blood- corpuscles 
continue to escape from the vessels, and thus their num- 
ber within the alveoli gradually increases. The epithelial 
cells lining the alveolar walls, which were only swollen 
and granular in the earlier stage of the process, now 
undergo more active changes. Their nuclei enlarge and 
multiply, and ultimately nuraorous new cells are produced. 
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Tlie pulmonary alveoli lliiis become completely filled with 
yoijng cell-forms, so that the fibrinous exudation is no 
longer visible as an independent material, as it is in the 
stage of r()d hepatization 5 (See Fig. 125.) The fibrinous 
material now disintegrates, and the young cells rapidly 
undergo retrogressive fatty changes, so that, as usually 
seen, the alvcoli*are filled with granular elements, which 
in many 2 >art.s have lost their distinctive outlines. 
(Fig. 12().) The alveolar walls themselves, with few 

Fio. 126. 



Cnmpom Pnnimonin-^ftmf Ifejyatr.nthm . — Sliowiiip thtj' 
largo aooumulatinn of n lJulur i-lomonts ^yithin oiu* of the 
2 )iil!U(»jmiy alvi'iili, which in some part.** liiivo ntulcrgotut 
«Hcti cxtciiHivc fatty degeneration that their distiuctiv*; 
outlines ;crc no longer visible, x 20(». 

exceptions, remain throughout tho* process unaltered, 
although occasionally wj^en this stage is unusually 
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advanced they may be found, here and there, j)artially 
destroyed. The weij^ht, density, and friability of the 
lung now become even greater than in the stage ot^ red 
hepatization, altJiough the gr^^nular aspect of the cut 
surface is much less marked. The tissue is now (|uite 
soft ahd pulpy, and a puriform li(fuid exudes from its cut 
surface, 'fho most prominent fcHture, however, is the 
alteration which takes place in the colour of the organ. 
This gradually changes from a dark reddish-brown to a 
grey or yellow ish-white. This is owing partly to the 
pressure exorciso<l upon the blood-vessels by tlie exuded 
su]»staiices and newly -formed cells, and partly to the 
fatty dogorioration which the latter have undergone. The 
stage of grey hepatization when far advanced has been 
termed suppuration of the lung. 

Although these three stages of the pneumonic process 
have been described as succeeding one another iu orderly 
succession, it must be remembered that ouch stage does 
. not oc(mr simultaneously throughout the whole of tlie . 
affected area of the lung. The changes advance irregularly, 
so that whilst one j)ortiou of the lung is in the stage of 
rod lieputization, another may be in the grey stage - 
hence the mettled marbled appearance of tlie consolida- 
tion. 'J'hc rapidity wit h which the several stages succeed 
one another is also .subject to marked variations. In 
some cases the jmounionic consolidation very rapidly 
becomes grey, whilst in others the time occupied in the 
transition is much longer. 

The pneudionic process may terminate in the four fol- 
lowing ways : — 

Ist. Ll liesolutiou . — The gradual return of the lung to 
its normal condition is the natural and much the most 
frequent termination of croujxnis pneumonia. This is- 
effected by the fatty and mucoid degeneration of the 
inflammatory products which have accumulated within 
the Mveoli, which thus become so altered that they can be 
removed by absorption. Granular pigment is also mixed 
with the softened matters aij^ appears in the expecto- 
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ration. Tliis is probably partly derived from the extra- 
vasated filood, and is partly that which normally exists in 
the interlobular connective tissue. Where this process of 
lifpiefaction and disintcgjration is taking place in the 
lung the granular appearance of its cut surface is 6ovii* 
pletely lost. It is a yellowish-grey colour, *.,nd a 
tenacious puriform liquid can be expressed from its sub- 
stance. As the softened matters become absorbed, the 
circnilation is gradually I'e.stored, and the organ ultimately 
attains its normal characters. 

2iid. Tit Abtfcpfis . — The formation of abscess is a rare 
result of simple pneumoiua. Such a result appears to 
be favoured by a bad constitution, and by any circum- 
Htance.s which tend to impair the general health, es- 
l^ecially the abuse of alcoiiol. The abscess is more enm- 
iiiou in the upper than in the lower lobes. Circunj scribed 
gangrene of the lung may also occasionally terminate in 
abscess. I’his tjikes place by the evacuation of the 
necro\ic tissue through the bronchi, and thefbnnationof 
a pyogenic membrane from the walls of the cavity, which 
generates pus. The cavity may ultimately close by granu- 
lation and cicatrization. The.se abscesses of primary 
origin are usually single, and thus differ from those due 
to pyamiia. 

drd. Jn Gantjrend. — This, which is also rare, is most 
common in chronic drunkards and in those of debilitated 
constitution. Two conditions appear to be principally 
concerned in bringing about this result: — one is the intef- 
fereuce with the supply of blood by the extensive forma- 
tion of eougula in the pulmonary and bronchial vessels, 
together with considerable hmmorrhage into the pul- 
monary tissue ; the other is the injurious influence of 
septic inflammatory products. The gangrene is usually 
limited to a small area of the pneumonic lung, and is 
either diffuse or Umited by a zone of inflamed tissue. 

4th. Tn Chronic Pneumonia , — If the inflammatory'* pro- 
cess does not subside and the exnded substances are not 
absorbed, the alveolar wi^ls gradually become involved. 
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These become thickened by a new growth of fibro-nu- 
clcated tissue, and thus is protluced more or less fibroid 
induration oF the organ. (See“ Interstitial Pneumonlii.”) 
phis termination of croupous pneumonia is conii^aratively 
rarA 

A oi-oiipoustpncnrnonia plays a f)ronunent part in some 
cases of pulmonary ifiithisis. (See ‘^Pulmonary Phthisis.”) 

BRONCHO- OR CATARRHAL PNEUMONIA. 

Broiirho-j catarrh al, or lohular pneumonia is infiam- 
mation of the Inng-tissuo associated with, and usually 
secomlary to, intlammation of the bronchial mucous 
membrane. In the earlier stage, the pulmonary inllam- 
mation is commonly limited to scattered groups of air- 
vesicles, hence the term lohular which is applied to it. 
As the process proceeds, the inflammatory nodules may 
gradually coalesce, so as to produce larger tracts of con- 
solidation. The iullammatory products which fill the 
alveoli, consist largely of cells derived from the epithe- 
lium of the alveoli and from the bronchial mucous mem- 
brane ; cxmlatioii and emigration play a much less pro- 
minent pail in the pi*occss than they do in croupous 
pneumonia. Owing to this preponderance of epithelial 
products, and to the association of the pulmonary with 
the bronchial inllammation, the process has been termed 
catarrhal pneumonia. 

Pathology. — The pneumonic process, as already stated, 
is invariably associated with bronchial catarrh. In some 
cases, it would appear that the injury which produces 
tha bronchial inflammation jiroduces at tlie same time 
inflammation of the air-vesiclcs, but much more fre- 
quently the bronchitis precedes the pneumonia, and 
gives rise to it in a manner to be hereafter described. 
Whatever causes inflammation of the bronchial mucous 
membrane may thus be a cause of broncho-pneumonia. 
Simple bronchitis, especially in childhood and old age, 
and also the specific bronchitis associated with measles 
and whooping-cough, are the most frequent precursors of 
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the disease. All conditions which tend to impair the 
general health favour the occurrence of the pneumonia. 
Thdy do so by rendering the bronchial mucous membrane 
abnormally liable to becopie inflamed, and also by dimi- 
nishing the power of the respiratory muscles, and thus 
aiding in the prodnetien of pulmonary collapse. ** 

Inflam mati cm of the*^bronchial mucous membrane may 
give rise to bronclio-piieumonia in two ways : — 1st, by 
causing in the first jdacc collapse of the lung-tissue ; and 
2nd, by the direct extension of the inflammation from 
the bronchi to the air-vesicles. Of these the former is 
much the most fretpient. The pneumonic process being 
the result of the bronchitis, almost invariably involves 
both lungs. 

1. Bruncho-jjufiumonia consflcuiiue to Colla 2 )fSc. — Col- 
lapse of the lung-tisMue greatly favours the occurrence 
of broncho-pneumonia, and usually the pneumonic pro- 
cess is principally confined to those portions of the 
lung in which collapse has taken place. 1’here are two 
circumstances principally concerned in the production 
of the collapse wliich is consecutive to bronchitis — the 
narrowing (jr occlusion of the bronchial tubes due to the 
inflammatory swelling of the mucous membrane and the 
catarrhal secretion, and the weakness of the inspiratory 
])Ower. The collapse thus induced is especially frequent 
in the posterior and inferior portions of the lungs — those 
]>ortion8 in which normally the inflation of the lung is least 
complete. Commencing here, the process may gradually 
extend upwards till large areas of the lungs become in- 
volved. In other cases, owing to a more irregular distri- 
bution of the bronchial obstruction, the collapse is limited 
to small isolated portions of the lung. These portions 
vary in size from a hemp-seed to a walnut. They are 
commonly more or loss wedge-shaped, with their apices 
toward the bronchus with which they communicate, and 
the Uing-tis&ue around them usually presents various 
degrees of congestion and emphysema. - 

The tendency of the ppcumcnic process to occur in 
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the collapsed portions of the lung is duo partly to the 
hypersoinia which is induced by the collapse, and pytly 
to the irritation of inhaled bronchial secretion. Collapse 
of the lung-tissue invariably ir^uces more or less conges- 
tion. This is owing to the absence of the expansion and 
coijtrdction of the air-vesicles vfeich normally aid the 
pulmonary circulation, and also t(f the impediment to the 
blood-flow resulting from imperfect aeration. This con- 
gestion is quickly followed by oedema, and the bluish- 
purple collapsed portions of the lung become darker in 
colour, less resistant, and more friable in consistence. 
In lung- tissue thus altered, a quasi-inflammatory process 
characterised mainly by epithelial activity is prone to 
supervene. 

Another circumstance which often appears to play a 
prominent part in the causation of the pneumonic process 
is the presence within the alveoli of the inflammatory 
products of the bronchial mucous membrane. These 
l)roducts arc frequently found in scattered groups of 
air-vesicles, and they are evidently inhaled. (See Fig. 
127.) They arc found both in the air-containing and in 
the collapsed portions of the lung, but especially iu the 
latter, the presence of collapse necessarily interfering 
with their removal by expectoration or absorption. These 
inhaled products arc often found filling small groups of 
alveoli without any evidence of subsequent injlanimaiion, 
and there can be no doubt that many of the patches of 
consolidation which are usually described as pneumonic 
are really non -inflammatory in their nature, and are thus 
produced. At the same time, owing to the irritation of 
the inhaled secretion, it tends to induce inflammatory 
changes within the alveoli, and those changes are fre- 
quently largely owing to its presence. 

2. Broncho-Pneumonia independent of Collapse. — Al- 
though the pneumonic process is usually consecutive to 
collapse, it may occur independently. This may be owing 
either to the direct extension of the inflammation from the 
bronchi to the air-vesiclcs, or ^ the influence of inhaled 

D D 2 
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iiiBaTnm9)tory products. In other cases, it is possible that 
the injury which causes the bronchitis causes at the same 
time intlammation of the pulmonary alveoli. 

lIisTofxiGY, &c. -The appearances presented by the 
lungs after death vary. The bronchi are always more or 
less inllamed, and confiin thick mucus. The lung-ti^ue 
exhibits, associated inf various degrees, collapse, conges- 
tion, (edema, emphysema, and pneumonic consolidation. 
ITic bluish, non-cr<3pitant, depressed portions of collapse, 
which become darker and more friable with age, are 
usually most abundant in the lower lobes and margins 
of the lungs. Tlic collapse sometimes involves the whole 
»)f one lobe, but more commonly it is limited to smaller 
areas. When scattered and limited in its distribution, 
there is usually more or less omjdiysema of the in- 
tervening portions of the lung. 

^rhose portions of the lung in which the pneumonic 
process has supervened most commonly appear as scat- 
tered iiodiil(*s of consolidation, varying in size from a 
small pea to a liazol-nut. These are ill-defined, and 
pass iiiwmsibly into the surrounding tissue, which is 
variously altered by congestion, collapse, and emphysema, 
T’liey are of a reddish-grey colour, slightly elevated, 
smooth, or very faintly granular, and soft and friable in 
consistence. As they increase in size they may become 
con linen t. In a more advanced stage, the nodular and 
more diffuse consolidation becomes paler, firmer, drier, 
and somewhat resembles in appearance ordinary grey 
hepatization. 

When examined microscopically, this consolidation is 
seen to consist of an accumulation within the alveoli of a 
gelatinous mucold-iboking substance, small cells re- 
sembling leucocytes, and epithelial elements. In many 
cases much of this accumulation is precisely similar to 
that contaiiuKl in the smaller bronchi, and it is evidently 
the inflammatory and richly cellular bronchial secretion 
which has been inhaled. (Pig. 127.) It is* also often partly 
the result of exudation mid emigration from the pul- 
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monary capillaries ; for, as shown by Cobnbcim, blood- 
stasis so injures the walls of the blood-vessels Jhat 
the blood-corpuscles and liquor sanguinis readily per- 

Fio. 127. 



JironcJio-PiKiumonift , — From a child, agod four, with oapillary 
brouchitis. A soctioii of one of llie patfhos of consol iduliori. 
Showing the siuhlng of the alveoli witli what ap]>eara in the 
main to be inhaled bronchial secretion, x 200. 

meate them. (See “ Inflammation.*’) Associated with this 
material are large epithelial elements, the offspring 
of the alveolar epithelium. Those vary considerably in 
number. In some cases, and in some portions of the 
consolidatiop, they may be very few, whilst in others 
they may constitute the prodominant change. (Fig. 128.) 
These differences probably depend upon how far the 
inhalation of bronchial secretion constitutes a part of the 
process. 

The subsequent changes which take place in the lungs 
vary. When the disease does not end in death, resolu- 
tioint is the most common termination. The contents 
of the alveoli undergo fatty metamorphosis, and are re- 
moved by expectoratign and absorption, the lung gra- 
dually regaining its normid character. This process. 




Catarrhal T’fW’wmonirt.— Prom a oaso of acuto 
plitliisifl. Hliowiup: the largo epithelial cells 
which fill the alveoli, x 200. 


that 8omo thickening of the bronchial and alveolar walls 
and dilatation of the smaller bronchi remains. In 
chronic cases this fibroid thickening is mnch more 
marked, and considerable irregularly distributed pig- 
mented induration and bronchial dilatation may be 
produced. (See “ Chronic Pneumonia.”) In these chronic 
forms the contents of the alveoli sometimes caseate, and 
then become encapBuled,orin quite exceptional cases lead 
to disintegration. 

Hypostatic Pneumonia, — Allusion must be made here 
to a form of lung-consolidation which is often described 
as pneumonic, but which, in reality, is for the most part 
non-inflammatory in its nature. This is the so-cdled 
hypostatic pneumonia. This condition is mot with at 
the bases and most dependent portions of the lungs 
in the course of both chronic and acute diseases, and also 
in the aged and debilitated. It consists in the main of 
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collapse, hyperasmia, and osdema of the lung-tissne, re- 
sulting from weak inspiratory power, feeble circulation, 
and gravitation. The consolidation thus mechanically 
indjLiccd is increased by more f)r loss exudation of liquor 
sangj^iuis and blood-corpuscles into the alveoli, which 
exudation is partly due to the damage to the walls of the 
capillaries caused by the blood-stasis. This condition of 
hypostasis is, as has been already stated, especially 
favourable to proliferation of the alveolar epithelium ; 
and this proliferation often occurs to a greater or less 
extent, and so tends to increase "the consolidation. 

INTERSTITIAL OR CHRONIC PNEUMONIA. 

Interstitial or chronic pneumonia is characterised by a 
gradual increase in the connective tissue of the lung, 
which leads to an induration of the pulmonary texture, 
and to progressive obliteration of the alveolar cavities. 
It is commonly associated with catarrh and dilatation of 
the bronchi, and often with ulceration of the bronchial 
walls, and excavation of the indurated lung. 

rATiiOLOGV. — It is exceedingly doubtful if interstitial 
pneumonia is ever a primary and independent affection. 
It probably in all cases owes its origin to some antecedent 
inflammation of the pulmonary or bronchial textures, or 
of the pleura. It may bo stated generally that all in- 
flammatory processes in the lungs which become chronic 
lead to ail increase of the connective tissue elements, and 
consequently to a fibroid induration of the organs, and in 
this respect, therefore, these processes resemble similar 
ones in other parts — e. in the liver, kidney, and mucous 
membranes. In the lungs, by far the most common cause 
of such induration is phthisis, in all cases of which, ex- 
cepting in those which are the most acute, there is more 
or less fibroid growth. The most chronic cases of 
phthisis — those in which the fibrosis is the most marked 
— are, it must be admitted, somewhat closely allied to 
some forms of interstitial pneumonia. The two diseases 
differ, however, in this respect : — that whereas much of 
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tho pnlrnonary consolidation of phthisis tends to undergo 
inohjpular death and disintegration, that of interstitial 
pneumonia exhibits no such tendency, but any destruc- 
tion and excava tion of the ‘indurated lung which may tnjee 
]>liLC(» is due to secondary iiiHammation and ulcer/ition 
coinmoncijig in tho bronchial walls. In considering the 
j)iithology of interstitial pneumonia, therefore, it is neces- 
sary t(' exclude, in tho first place, the pulmonary fibrosis 
of chronic phthisis. (See “ Pulmonary Phthisis.”) Inter- 
stitial ])neumoiiia must also be separated from that form 


Fio. 120. 



('hroiUi' Drxmvhltis , — Sliowinfr tho now growth of fibro- 
tiNsiio around the bronchus fc, ami tl«» way in 
wUirli tliis tissuo is invading the walls of tho adjacent 
alveoli, r, A divided blood-vessid. x lUO, reduced 


ol judnitmary induration which is produced by long-con- 
tiuued niochanioal congestion (see Brown Induration of 
tho liuug*’), and from those more localised indurations 
due to chronic bronchitis (Fig. 129), and to syphilis. 

There appear to bo four conditions which may give rise 
to interstitial pneumonia. These are as fpllows : — 

1. Ci'oU’iunts r^eumonia . — ^The pulmonary consolida- 
tion of acute croupous pnd'amonia in almost all cases 
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imdcr<?o(>s complete resolution. This resolution is usually 
effected rapidly, but occasionally it is more protracted. 
When protracted, the licpatizcd lung tends to become 
sligiitly indurated, owing mainl^ to thickening of the walls 
of tlie alveoli Tliis indurated jiepatization differs but 
little in its physical characters fro^i ordinary red and grey 
hepatization ; it is simply somewhat firmer, more resis- 
tant, and less granular. In very exceptional cases this 
small amount of induration, commencing in the alveolar 
walls, may gradually increase, so as ultimately to give 
rise to that extensive fibrosis of the lung which constitutes 
what is usually known as interstitial pneumonia. 

2. lironcho'Pnoamonia . — This appears to be a some- 
what more frequent cause than the preceding. The 
greater liability of this form of pneumonia to lead to 
pulmonary induration is to he accounted for, partly by 
its longer duration and greater tendency to become 
chronic, and partly by the existence of bronchial dilata- 
tion v/ith which it is so frequently associated. That 
bronchial dilatation is favourable to an indurative pneu- 
monic i-irocess has boon insisted upon by Dr. Wilson 
Fox.* '(’he existence of this dilatation favours the per- 
sistence of the catarrhjil and pneumonic process. The 
removal of secretion is rendered difficult, and the re- 
tained stcretion tends to keep up and increase the irri- 
tative process both in the dilated bronchi and also in the 
pulmonary alveoli, and this persistence of the bronchial 
and pulrnffnary infiamniatiou leads to fibroid thick- 
ening of the bronchial and alveolar walls. In this way 
areas of fibroid induration are produced, which, as the 
process proceeds, may ultimately iiivolvc large portions 
of the lung. The progressive tendency of the process 
is probably partly to be explained by the fact that 
pulmonary fibrosis is a cause of bronchial dilatation^ so 
that fibrosis once established, by inducing farther dilata- 

* • Reynolds’ “ System of Medicine,” vol. iii. Article, Chronic 
Pneumonia. • 
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tion of the bronchi favours the extension, of the bronchial 
and j)ulmonary induration (Wilson Fox). 

Under this head may also be included those cases of 
induration and ulceration'* of the lung which result fnom 
obstruction of a main bronchus — such as is produced by 
the pressure of an aneurism. Here the retained bronchial 
secretion sets up iiiHammatory changes in the bronchial 
and alveolar walls, which gradually load to induration 
and ulceration of the lung.* 

3. Pleurisy. — This, in very exceptional cases, leads to 
the development of an interstitial pneumonia. It appears 
to be in those cases of pleurisy which are more or less 
chronic, and in which the effusion remains long un- 
nbaorbed, that such a result is most liable to occur. 
The induration of the lung thus induced, is often, How- 
ever, exceedingly partial, consisting merely in some in- 
crease of the interlobular connective tissue, originating 
and extending inwards as dense bands from the thickened 
visceral pleura. In other cases pleurisy probably gives 
rise to a much more general fibrosis. 

4. The [nhalatiotb of solid imtafinff PaHicles. — This, 
which occurs in miners, potters, stonemasons, grinders, 
&c.t is the cause of the fibrosis of the lung so common 
amongst these workmen. The continuous irritation of 
the inhaled particles induces a bronchial and, alveolar 
inflammation, and ultimately a progressive fibrosis, with 
dilatation and ulceration of the bronchi. 

Histology, <fcc. — The appearances presen;fied by the 
lung when the fibrosis is extensive and general are very 
characteristic. The organ is diminished in size; the 
tissue is smooth, dense, firm — in parts almost carti- 
laginous in consistence; and it is irregularly mottled 
with black pigment. The alveolar structure of the lung 
is in moat parts completely destroyed, and on section the 
dilated bronchi are seen as nnmerons largo openings 

* Soi' caso by Dr. Irviiio, Trans. Path, Soc. Land., vol. xxviii. 
p. 63. 
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scattered over itq surface. The dilated bronchi frequently 
become the seats of secondary inflammatory procegses, 
which may lead to ulceration and ultimately to extensive 
excavation of the indurated tissue ; but there is a com- 
plete^ absence of any of those caseous changes which are 
so* characteristic of ordinary plfthisis. This secondary 
inflammation of the dilated bronchi is probably induced 
by the irritating and often putrid secretion which they 
contain, and which is only with great difiiculty com- 
pletely removed by expectoration. The pleura is almost 
invariably considerably thickened and adherent. 

The histological changes may be described generally as 
consisting in the development of a fibro -nucleated tissue 
from the walls of the alveoli, from those of the bronchi, 
and from the interlobular connective tissue ; which new 
growth, as it increases, and from its tendency to contract, 
gradually replaces and obliterates the alveolar structure. 
The character of those changes, however, varies somewhat 
according to the inflammatory antecedents in which they 
originate. When the result of a croupous pneumonia, the 
primary, and usually the imncqial, change takes place 
in the walls of the alveoli (Fig. 130), although ultimately 
the interlobular tissue is involved. The alveolar walls 
become thickened by the growth of a small-celled tissue, 
in which, associated with the lymphoid cells, th^re are 
sometimes elongated fusiform cells such as arc found in 
embryonic tissue which is undergoing fibroid development. 
The new grqwth in its earlier stages usually contains new 
blood-vessels, but later the tissue contracts, and these 
become to a great extent destroyed. The alveolar, 
cavities which are not obliterated, are either empty, or 
contain exudation products or a few epithelial cells. In 
addition to the growth in the alveolar walls, 1 have met 
with three cases in which intra-alveolar exudation pro- 
duQts were undergoing fibroid development.* There was 

• For one of these specimens I am indebted to T)r. Guodhart, who 
records the case in the Tram. Pat0, Soc. Land., vol, xxv. p. 33. 
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nothing peculiar in the macroscopical characters of the 
lungs, hut the alveoli were found filled with a fibrinous 
meshwork and leucocytes somewhat similar to that met 
with in red hepatization. * (Sec Fig. 125.) They diffeffcd, 
however, in thi.s respect— -that many of the cells were 

K i ' 

• Fig. 130. * 



futfratitial lUu’umoma . — From a case of so-callod “cir- 
rhosis” of Hic luii}r, in which th<‘ disease was unilateral. 
MMie bronchi were much dilated, and there was a complete 
absence of any caseous cihaugc. The dmwiiiK shows the 
now lihro-i\ucIeatcd p:r<»wth, botli in the alveolar walls and 
in the iutcrlcdmlar tissue, also tho pigmentation. At a a 
ilividod vi'Sbcl is seen, x 100.* 


long and spindle-shaped, and blood-vessels were dis- 
tributed amongst them, which blood-vessels communicated 
with those in the alveolar walls. (Figs. 131 and 132.) 
Tho Jilveolav walls were also thickened by a^fibro-iiucleated 
growth. It was therefore perfectly obvious that in these 
lungs the products of a previous acute croupous pneu- 
monia were becoming vasculariscd and undergoing de- 
v&lopment into a fibroid structure, and that this intra- 


• When this specimen is examined with a* higher magnifying 
power a delicate reticulum can be seen between tho cellular 
elements. < 
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Fio. 131. 



Vhrcmic Piu,umonUu — Yascularisation nnd tibrfuM (iovelopmiiiit 
of intra-alv<*olar exiidatiou proflurte. filood-vossoJs aro sefu 
distributod in tlio cxudaHow proihicts, wliieli blood- vos.s«ds 
comniunlcnto 'vvitli thoao in tin* alvoobir wnlh. Tin* alvoolar 
vvjills am also tbickiiiiod by a ilbro-midoatcd tjrowth. x lu«i, 
and l•<^ducod }. 


Fro. 132. 



Chronic Pneutnonia. — A portion of tlie intra, -alveolar 
exudation productn (Fig. 131) nicuv highly mi^nified. 
Showing the elongated spindle cells, the librilhition, 
and the blood-vessels containing blood-corpuscles. 
X 20U. • 
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alveolar cLange was the principal cause of the fibroid 
induration of the organs. 

\^hen the fibrosis is secondary to an ordinary broncho- 
pneumonia or to that induced by the inhalation of 
irritating solid particles, the new growth also originates 
principally from the al.'eolar walls. Here, howevei*, the 
growth in the earlier stJ^ges is less uniform, and the peri- 
bronchial and interlobular connective tissue play a more 
prominent part in the process. 



CHAPTER XLVI. 

PULMONARY PHTHISIS. 

Hv pTilmoTiary plitliisia is understood a disease of the 
luncfs which is characterised by propfressive consolidation 
of the pulmonary texture, and by the Bubeequeiit soften- 
ing^ and disintegration of much of the consolidated tissue. 
Respecting the nature of tlie morbid processes which lead 
to this consolidation and disintegration of the lungs — 
various opinions have from time to time been held by 
pathologists, and this diversity of opinion exists to some 
extent even at the present day. According to the older 
views, which were based upon the teaching of Laennec, 
phthisis was regarded in all cases as a tabcrcidoiis disease. 
Tubercle was looked upon as a specific non-infiammatory 
growth which was characterised by the caseous degene- 
ration which it invariably underwent (see “ Acute Tuber- 
culosis”), and this caseous metamorphosis was held to be 
such a distinguishing peculiarity of the growth, that all 
caseous masses came to be regarded as tuberculous, and 
phthisis, in •which caseation plays such a prominent part, 
was consequently regarded as a tuberculous disease. The 
various consolidations of the pulmonary tissue were de- 
scribed as ‘‘infiltrated tubercle,” and tubercle in some 
form or other was regarded as so essential a constituent 
of the disease, that “ phthisis” and “ pulmopary tuber- 
culosis” came to be synonymous terms. « 

These older views jesi^ecting the nature of phthisis 
have undergone various modifications during recent years. 
When the application of the term “tubercle” became 
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limited by Virchow and his followers to the grey granu- 
lation, it was evident that such views were no longer 
tensfble, and at the present time many, in accordance 
with the advocacy of the late Professor Niemeyer, regard 
tubercle as only an occasional element in the caiisatioti of 
the disease. In considering how far tubercle plays a part 
in the production of iDliihisis, it must be borne in iniiid 
that this growth is now known to be an inflammatory 
one. 'riio miliary lesions which are commonly known as 
tubercular, are the anatomical results of chronic inllam- 
matory processes limited to small circumscribed areas ; 
and although they consist in the main of a small-celled 
lymphoid tissue, they present certain difterenees in their 
histological characters, according to the structure of the 
organ in which they originate. (See “Acute Tuberculosis.’*) 
In tbo lungs it has been seen that they consist not only 
of that lymphoid tissue and brariclied cells which is so 
characteristic of tubercular lesions, but also of accumu- 
lations of epithelium within the pulmonary alveoli. (See 
“ Tuberculosis of the ljungs.”) 

Histology of Piitiiisls. —The histological changes in 
the lungs which occur in pulmonary phthisis arc similar 
to those which are mot with in these organs in acute 
miliary tuberculosis. They differ mainly in this respect — 
that whilst in the latter disease these changes are usually 
limited to small areas (hence the miliary character of the 
lesions), in the former they commonly involve much wider 
tracts of tissue. 

In studying pulmonary phthisis, it will be advisable in 
the lir.st place to describe the various structural changes 
which are met with in the lungs, together with the more 
important alterations which they produce in the physical 
characters of the organs ; and subsequently to examine 
into the nature of the morbid processes upon which these 
cSiangos depend, and to draw some general conclusions 
respecting the pathology of the disease. 

The structural changes met with in the lungs in phthisis 
are mainly of four kinds: — Jst. An accumulation of 



PULMONARY PHTHISIS. 


417 

epithdial cells ivithiiL the pulmonary alveoli; ‘2iid. The 
presence ivlthin the alveoli of a Jibrinoios exudation^and 
leucocytes; 3rd. A cellnlar infiltration and tliicheniny of 
the^alvcolar walls, toyether witft, ut most cases, a similuc 
change in the ivalls of the terminal bronchioles ; and Uh. 

increase ifi the interlobular connective tissue. These 
four tinds of morbid change arc very coiistfintly asso- 
ciated, altlioiigh in very different degrees ; and some of 
them arc more prominent and characteristic than others. 
The preponderance of one or other of thim produces 
those variations in the physical characters of the lungs 
which are met with in the different stages, and in the 
different varieties of the disease. These various structural 
changes must now be considered separately. 

1st. A}b accumulation of epithelial cells within the 
pulmonary alveoli . — This is one of the most frequent 
changes met with in phthisis, and is precisely similar to 
that which has been already described as occurring in 


Fig. 133. 



Acute Phthisis . — Sliowing t>ne of the ahvf»li filled wirh 
opitholial cleinetits, aud marked cellular iufilt ration of the 
alveolar wall. y. 20U. • 
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cases of true catarrhal pneumonia, (See Fig. 128.) The 
alv^li are found filled with large nucleated elements, 
which are the offspring of the epithelial cells normally 
lining the alveolar walK. (Fig. 133.) In some a^utc 
cases of i>hthisis this alveolar accummulation rnayj con- 
stitute alnios^j the only morbid change, 'and although 
there is always some cellular infiltration of the alveolar 
walls, the great ludlc of the pulmonary consolidation is 


Fig. 131. 



Sli'cliou of Luiiff frinn a (.’cm* of Acute Showing 

that the coii.soluiution consists almost exclusively t)f pro- 
<hict.s a( juniiilateil irlthin the alveoli. In soifto pans a 
froospaois 8<*en l}«-tween the alveolar walls nnd their 
contents this is simply duo to the shrinking of tiie 
latter ca sed by the hardening of the specimen, x 50. 

due to tiio stuffing of the alveolar cavities with catarrhal 
products. (Fig. IS-t.) In some parts — those in which the 
change is *cho most recent— the large cells which fill the 
oh^ooli and the alveolar walls will ho found but little 
altered, but in the greater portion of .the consolidated 
tissue the cells will bo seen in various stages of retro- 
Metamorphosis, am^ the alveolar walls destroyed ; 
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whilst in those tracts of tissue in which the process is 
most advauced, all trace of structure is lost, and nothint^ 
is seen but a granular debris. Those chang<)s are ])ro- 
cisgjy iiiialogous to those met ^^ith in many of the larger 
nodular lesions of acute tuberculosis. (See Figs. 8l> 
and 87.) • • 

2nd. Tho premjnvtt within alccoii of a fibrinoutt 
t'xwhtlion and iiucowjfes. — This is loss frequent than the 
preceding. (Fig. Id d.) The exudation products are 





Jrvic PJithisis . — Showmjr ono of tho al\'iH)li with 

tibrinoiis cxndatiou and lourocytcH, aud soino cellular 
iiiHltration of the alveolar wall, x 2i)0. 

similar to those which fill the alveoli in ordinary croupous 
pneumonia. (See Fig. 125.) The coagulum, however, is 
usually not so abundant, neither is the fibrillation quite 
HO jJistinct. In the moat acute forms of phthisis this jfT!ty 
constitute the principal cause of the pulmonary consoli- 
dation, but more commonly it is associated with more or 
less epithelial proliferation. « 
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The appearances prcsi'uted by the lungs in those cases 
in Yhich the pulmonary consolidation is mainly due to 
the alveoLar changes above described are very 

characteristic. The consolidated tissue is quite soft *^ud 
friable, breaking down very readily under the finger, and 
there is a cora])lcte absence of any induration. The ccmi- 
solidation, nlthongh frequently almost uniform, some- 
times pres(;nts a soinewliat lobulated outline, indicating 
the implication of different groups of the pulmonary 
lobules. The colour varies from a reddish to a yellowish 
grey, and scattered through the consolidated mass arc 
often small portions of a more decidedly yellow tint. 
'ITieso latter correspond with those i>arts in which the 
rotvogrovisivc? changes are the most advanecid, and they 
are (‘.ven softer in consistence than the surrounding 
tissue Jn imuiy parts the consolidated tissue will be 
found broken down, so as to form cavities of various 
sizes. T'hoso always possess irregular walls, which are 
quite soil and friable, like the solid tissue which surrounds 
tliem. 

Ilrd. yt C(ihihir{n.filirationandtluc]\eningof the alveolar 
irallf!, fo(jt'iher loifht in moat a similar change in the 
miflls itf the termuial hronchiolrs. — This is very constantly 
assoeiatcil with the former intra-alvoolar changes, and it 
must be regarded as the most characteristic phthisical 
lesiou, although its extent varies very considerably in 
different cases. The change is precisely similar to that 
which has been already described as occurring in acute 
miliary tuberculosis. Jn its earlier stages a few small 
lymi^hoid cells are seen infiltrating the alveolar septa, 
which are thus slightly thickened. (See Figs. 133 and 
135.) As the change proceeds, the number of these cells 
increases, and from them an imperfect fibro-nucleated 
structxire i^T developed, which in some parts very closely 
resembles adenoid tissue. (Fig. 136.) This structure con- 
tains no new blood-vessels. As this new tissue develops 
in the alveolar walls, it gradually obliterates and replaces 
the alveolar cavities, so that whilst in some portions the 
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thickened alreoli may be found still containinty epithelial 
elements, exudation products, or even giant cells, in others 
large tracts will be seen, consisting almost entirely of the 

Fio. 13(>. 



Set'tion of Lung from a ('oao of’ aonu'Whnt (’/ironic P/if./tiMiA, 

— Showing' tlio of tlio alvi*oIar walls by a fibro- 

uiicloab'd adtMioiil-likc lissuo; tt)got}u*r with an nnjiimu- 
latioii of fpitlioJial cells wilhiii tin* alveolar cavity. 'J’Jio 
latter are underj^oing rotrogressivo changes, x 200. 

small-celled growth. The development of this now non- 
vtisciilur tissue in the alveolar walls leads to the partial, 
or even complete, obliteration of the pulmonary capillaries, 
which, as will be seen snbsequently, constitutes an im- 
]X)rtant element in the causation of the rotrogriade 
changes. 

The changes which may subsequently take place in 
this alveolar growth vary. The in lilt rated septa nui^ 
rapidly break down before any marked thickening or 
development of new tissue has had time to occur ; whilst 
in other less acute cases there is a considerable develop- 
ment of the imperfect nucleated tissue, which, 
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nlHiouijh it may remain as a more or less permanent 
stvii€turc, nsually owing to insufficient vascular supply, 
undergoes in its turn retrogressive metamorphosis. These 
two kinds of change are very often found taking place 
simultaneously in dilfervut ])ortions of the consolidated 
lung. Tn those j^ortion^ in which the new tissue is under- 
going degeneration, it, together with the cells which 
may be contahied within the filvcoli, will be seen to have 
become converted into a structureless granular debris, 
whilst perhaps in immediiito vicinity to these more 
degenerated portions will be found a more permanent 
libro-nncleated structiire. 

Respecting tlie alteration which the growth oC this 
small-celled tissue ])roduccs in the physical characters of 
the lungs - it may ho stated generally, that it usually 
loads to more or less induration of the pulmonary texture. 
'I’lio cxtciiit of this induration, however, will vary accord- 
ing to the characters of the new tissue. If the tissue be 
nlmost entirely cellular, such as is the case when it is very 
rapidly developed, it will produce but little, if any, indu- 
ration of the pulmonary consolidation, which, consisting 
mainly of the intra-alveolar accumulations, will be soft 
and triable in coii'<ist(?ncc, much resembling that which 
lias been already described. When, on the other hand, as 
is more frequently the case, there is any considerable 
development of the imperfect fibro-nneleated growth, or 
its reticulum is dense and abundant, there will be a 
enrrosponding induration of the consolidated tissue. In 
many cases these changes produce uniform tracts of 
indurated consolidation of a greyish colour mottled with 
black pigment, in which there may be scattered here and 
there yellowish patches corresponding to those portions 
which havc^undergone retrogressive fatty changes. 

increase in the interlohular connective tiame . — 
This i.s met with, to a greater or less extent, in all the 
more chronic forma of phthisis. This tissue, which sur- 
rounds the bronchi and blood-vessels, and contributes to 
the formation of the alveoli is fonud not only increased 
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in amount, but also altered in character. In the earlier 
staf^es of its development, when it contains numerous 
small cells, althoiifjh many parts of it may resembld thi5 
.i^rowth in the alvtjolar walls^^its structure is more like 
that met with as the result of chronic indurative pro- 
cesses in otlier organs. It has«i much greater tciuleney 
to become d(!veloped into a tibroid tissue than the 
alveolar growth, and is rarely the scat of those retrograde 
changes which are so frequent in the tissue originating 
in the alveolar walls. As usually met with, it consists 
either of wavy fibres or of a more or less reticulated 
structure, with a varying number of round, spindle- 
shaped or branched cells. (ITig. 137.) Associated with it, 

Fig. 



Chronic. Showing th« new iutorlobular fibroM 

growth BUiTOunding and eiu*apsnlating a degenerated and 
caseous pordoa of the consolidated lung, x 60 , reduced 
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in most cases, are granules of black pigment*. These dif- 
ferences in the pathological tendencies and structure of 
the iflveolar and interlobular growths are mainly owing 
to dilFcrences in the amovnt of their vascular suppj^. 
Whereas in the former the vessels become obliterated in 
the manner already dcsci’^bed, in the latter this obliffera^ 
tion is much less complete or entirely wanting. In the 
most chronic cases of phthisis this interlobular growth 
may constitute the predominant structural change, and 
largo tracts of the pulmonary texture may be found 
completely replaced by it. (See “Interstitial rneu- 
inouia.”) 

An increase in the interlobular connective tissue in 
plvtliisis — inasmuch as the new tissue has so marked a 
tendency to become dense and fibroid- leads to extensive 
induration of the pulmonary texture ; and further, owing 
to the contraction which the tissue tends to undergo, its 
growth ultimately jiroduces a corresponding contraction 
of the diseased lung. In all those cases of phthisis in 
which there is either a marked thickening of the alveolar 
walls, or an increase in the interlobular connective tissue, 
any cavities which may exist in the consolidated and 
indurated tissue are characterised by the tough an<l 
fibroid character of their walls, these presenting a marked 
contrast to the soft friable tissue which surrounds the 
cavities in those cases in which the pulmonary consolida- 
tion is mainly due to intra-alveolar changes. 

Ohdiiljics in the Bronchi,— AlluBLOU must now be made 
to certain changes in the bronchi. These lubes are 
invariably more or less involved in pulmonary phthisis. 
Some catarrh of the bronchi is constantly present in 
phthisical lungs. The catarrh is sometimes general, but 
ninch more commonly it is limited, and more strictly 
cimtined to sreb portions of the lung as are becoming, or 
haft^^alroady become, consolidated. In many cases there 
is a marked tendency of this bronchial catarrh to leacl 
to extensive cellular infiltration of the deei>er structures 
of the bronchial wall. This is especially the case in the 
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scrofulous. (See “ Scrofulous Inflammation/’ Fig. 76.) 
This cellular infiltration sometimes leads to the produc- 
tion of small ulcers. These have thickened opaque edges, 
anjjl when once formed they toml to increase. In addition 
to these changes in the bronchial mucous membrane, 
tljcre is oftcif a cellular infiltration of the peri-bronchial 
tissue, and here small nodules •of new growth are fre- 
quently met with — especially around the smallest bronchi. 
T’he development of those nodules is probably due to the 
transmission of infective substances by means of tlu^ 
lymphatics from the bronchial mucous membrane (tuber- 
culosis). 

Patuolooy of Pnniisis. — Having thus briefly described 
the various structural changes met with in the lungs in 
phthisis, it remains to consider the nature of the morbi<l 
processes upon, which they depend. In the first place, it 
is evident that these changes are analogous to those which 
have been seen to occur in the several forms of pulmonary 
inflammation. The flbrinous exudation and leucocytes, 
and the accumulation of eiutlielial colls within the alveoli 
in croui)ous and catarrlial pneumonia, witli, in th.^ more 
chronic eases, the ultimate infiltration of the alveolar 
walls ; and the increase iii the interlobular connective 
tissue which characterises the interstitial process, clos(dy 
resemble the phthisical lesions. These considerations, 
together with those derived from the study of the etiology 
of the disease, are sufficient to ju.stify the conclusion that 
the morbid processes which lead to the consolidation 
and subsequent disintegration of the lung come within 
the category of injhihiinatioiif and that the differences in 
the histological changes to which they give rise are 
mainly due to differences in the intensity, in the duration, 
and in the mode of origin of the inflammatory process. 

In considering the causes of these diflcrcifee.s in the 
histological changes in the lungs, it is important to bS!f 
in mind what has been already stated respecting the 
variations in the character of the textural alterations in 
inflammation which are produced by differences in the 
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intensity aiul duration of the inflammatory process. (See . 
“ Varieties of Inflammation.”) When studying the pro- 
cess of inflammation it was seen that the most intense 
forms of the jirocess wetc characterised by abundant 
fibrinous exudation and emigration ; whereas in inflam- 
mations of leas intensity the textural changes played, a 
more prominent ]iart. 'Micsc textural changes also varied 
according to the intensity of the inflammation. In the 
least severe and most chronic forms these changes tended 
to be limited to tlic elements immediately adjacent to the 
blood-vessels and lymphatics, whereas in inflammations 
()f sennewhat greater intensity moi’c distant elements be- 
came involved, bhirtber, whereas in the former case these 
changes usually resulted in the forimition of a small-celled 
tissue whicli tended to become fibroid, in the latter, the 
more distant elements - being in most cas(js incapable of 
further develoj)moiit — tended to undergo retrogressive 
changes. In the lungs, the truth of these propositions 
was borne out by the dilforencos which were scon to exist 
ill the histological characters of tlie lesions in the various 
forms of pulmonary inflammation, and also in acute 
tuberculosis. 

If the pathology of these inflammatory processes in 
the lungs be kept in view, the explanation of the difie- 
roiices in the histological characters of the lesions in pul- 
monary jihthisis becomes tolerably evident. In those 
cases in which the inflammatory processes are of slight 
intensity and of long duration, the most marked struc- 
tural change will consist in the development of a small- 
celled growth ill the alveolar walls and in the interlobular 
tissue — a growth which tends, mure or less, to become 
developed into a fibroid structure ; whereas in those cases 
in which the inflammation is of greater intensity, fibrinous 
exudation And emigration, and proliferation of the alvco- 
fav epithelium, will constitute more prominent parts of 
the process. 

The intensity of the inflammatory process not only 
determines to a great exteu^ the histological characters of 
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the pulmonary consolidation, but also tbc subfacquont 
chani^es which talco place in it. In those cases of phydsis 
in which the intensity of the inflammatory process is con- 
siderable, not only do tlic epiMielinni and exudation pro- 
diicjs which have accumulated within the alveoli quickly 
dcfyencratc afid break down, buf any small-cellcd tissue 
which may have been develojiecf in the alveolar walls or 
around the terminal bronchioles also softens and dies, 
and Ihus the vitality of large tracts of the pulmonary 
consolidation may become destroyed. In those cases, on 
the other hand, in wdiieh the process is less intense, the 
small-cellcd growth produced in the alveolar and bronchial 
walls IS more permanent, and there is an increase in the 
interlobular connective tissue. It is these two kiiuls r)f 
change, the one tending towards death, and the other 
towards progressive development, which produce the 
caseation and softening on the one hand, and tlie 
induration on the other, which, associated in such various 
degrees, make up the diverse physical characters of the 
phthisical lung. 

These various secondary changes which may take place 
in the pulmonary consolidation (»f phthisis must be cuii- 
sidered more fully. They are of three kinds- resfdution, 
development into an imperfect fibroid tissue, and retro- 
grade metamorphosis. 

HeBoliiiion . — Much of that consolidation of the lung 
which is the most rapidly induced, and which is conse- 
quently o^ing to the presence of intra-alveolar exudation 
matter, may become absorbed. The resolution of the con- 
solidation may thus be complete, or after tlie absorption 
of the intra-alveolar products there may remain more or 
less infiltration of the alveolar walls. 

Fibroid Devtdopment. — ^This, as has been seen, may 
take place in the growth in the alveolar walR, and also in 
the new interlobular tissue. The tis.sue which originates 
in the walls of the alveoli, however, being for the most 
part destitute of blood-vessels, is incapable of forming a 
very mature structure, altliough it may become developed 
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into an imperfect adenoid-like tissue, wliicli may remain 
for apme time permanent, and so contribute to the indu- 
ration of the lung. In the new interlobular tissue, there 
is not the same interference with the vascular supply, a«id 
hence this forms a much more fully developed and per- 
manent structure, and it is the principal sfource of th« 
pulmonary fibrosis. Tln^ extent of this fibrosis is, for the 
most part, in direct proportion to the chronicity of the 
disease. 

BnfrofjradG Mtitamorphosls . — It is this kind of change 
which leads to that caseation, softening, and disinte- 
gration which is so (jharacteristic of ))hthisis, and which 
distinguishes phthisical from other forms of pneumonic 
consolidation. A retrograde change in the infiammatory 
products is an invariable accompaniment of acute non- 
phthisical pneumonia. M uch of the exudation matter and 
epithelium which fill the alveoli undergoes fatty and 
, mucoid changes, and as the circulation becomes restored 
in tlie luilmonary capillaries, the degenerated products are 
absorbed, and the lung remains intact. In phthisical 
couaolidation, however, this removal of the inflammatory 
products does not take place. The contents of the alveoli 
ilcgenerate, but the degenerated products are not absorbed, 
and the consolidated lung undergoes a rapid or gradual 
process of disintegration. 

In studying the causes of this retrograde metamor- 
phosis, which constitutes so esssential a feature of the 
disease, it is undoubtedly principally due to conditions 
interfering with the circulation. Of these conditions, 
that which occupies the most prominent place is that 
^ cellular infiltration of the walls of the alveoli and smaller 
bronchi which is such a constant though very variable 
factor in phthisis. It has been seen that this infiltra- 
tion is espedally characteristic of scrofulous inflamma- 
tions, and that it occurs in a modified form in those who 
are not markedly scrofulous, and also in all pulmonary 
inflammations which become chronic. When the infiltra- 
tion is marked, and especially* when rapidly induced, the 
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effect of the pressure which the young cells exercise upon 
the pulmonary capillaries is to obstruct the circul:^tion, 
and so not only to prevent the absorption of any intra- 
alveolar products, but also to iead to necrotic changes. 

V'here are two other conditions which, although of less 
i^npbrtance than the j^receding, also tend to interfert» 
with the circulation, and so to <Ause necrosis. These arc 
the pressure which is exercised upon the pulmonary 
capillaries by the inflammatory products which liavS 
accunmlatcd within the alveoli; and that tendency to 
stagnation of the blood-stream which is an invariable 
accompaniment of every intense inflammation, ^’he 
operation of tliesc conditions obtains in the most aente 
forms of phthisis. 

Ill addition to the interference with the circulation, an 
important element in the causation of the retrograde 
changes of jihthisis is probably that inherent weakness 
of the lungs (usually inherited), which not only renders 
them especially susceptible to injury, but also, when in- 
jured, renders them abnormally incapable of recovering 
themselves from the inflammatory process which has 
been induced. 

In many cases of ijlithisis also, especially in tlie more 
chronic forms, secondary inflammation and ulceration of 
Hie pulmonary consolidation, resulting from the injurious 
influence of retained secretions and inflammatory pro- 
ducts, constitutes an important factor in the causation 
of the destruction of the lung. 

Etiology of PiiTinsis. — In studying the etiology of 
phthisis it will be necessary to consider, in the first 
place, that inherent pulmonary weakness which exists so 
frequently in this disease; secondly, to examine into 
the several methods by which injuries may be inflicted on 
the lung in such a way as to set up an inllanftuatory jiro- 
cess ; and lastly, to point out in what way the occurrence* 
and progress of the disease are influenced by the general 
health of the individual. 

Inherent pubnonary loea^neaa, usually inherited but 
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often acquired, exists in a large proportion of the cases 
of 2^^^tbisis. This weakness not only renders the lungs 
abnormally susce])tiblc to the various kinds of injurious 
irritation, but also makes ".hem loss ca2)able than strong 
lungs of recovering themselves from the effects of the 
inllammatory [n’oecss T^hich the injury has 2)roduce\V 
Inherent inilinonary wcilKiicss is most frequently, but by 
no int'ans always, a part of that general constitutional 
fitatc known as seroriila, in which the mucous membranes 
generally, and espe<*iaUy that of the rcsi^iratory organs, 
are so ahnormally lialde to become intlamed. 

Itijln lit matt inj prorcuftt'n may Unlnvod in the hnuje 
by — 1 st, injuries intUeted u2)ou the vsuid'aco of the body; 
2 n(l, by iiijuvies iuHicted through the medium of the 
bronchi ; a-nd .‘Ird. by infection. 

ily i)]jiinos inflicted upon tlio surface of the body J 
mean that general chilling of the surfaeo which results 
from (‘\[)osiire to cold. M'hat this is a frequent cause of 
bnmchinl and pulmouary iiiHammation is well known. 

A more important agent in the production of 2>hthisis 
than the jiroccding is tlie injurious irritation of the lungs 
through tlie inctliiim of the bronchi, ^riic br»)nchial 
mucons luembvaue, communicating as it does with the 
external air, is especially liable to injury, and the extreme 
frequency with wliich the development of 2>hthisis is pre- 
ceded or accompanied by successive attacks of bronchial 
catarrh is a well established clinical fact, the important 
bearing of which upon the successful treatment of the 
disease it would be difficult to over-estimate. In con- 
sidering bronchial cartarrh as a cause of [phthisis, it is 
important to bear in mind how greatly the occurrence and 
character of this catarrh are iulluenced by the existence 
of scrofula. 

^ Jin otherVascs, injuries inflicted tlirongli the medium of 
the bronchi appear to exercise their influence directly 
\ipoii the inner surface of the air-vesicles without pro- 
ducing any inflammation of the bronchial mucous 
luoinhrane. This is probably a very important way 
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i»i which such injuries cause phthisical consolidation of 
the lun^. ^ 

The prominent position whic-h these injuries intlictfd 
tlifoii^h the medium of the*bronchi occupies in the 
causation of phthisis, is shown by the fact that the 
Iwiig-coiisolidMion in this disejffie is, for the most part, 
lohninfrii in its distriV)utknK (jfouj)S of air-vesicles coin- 
inunieating with the terminal bronchioles become impli- 
cated, and thns are produced lobular lesions. (Fig. 


Fm. i.js. 



Jnifr Pkfhws . — A trtirisvi*)*sf< . section of a triTiiiual 
Qiir-passajro') ami tho surruiunlin^ alvooli. — 
Showing the lohulatiMl clini-:i(*t«Tof the* pulnioiiary cotj- 
soliilation. cavity of bronchus Cf)ntaining a lilllo 
mucus, r, a blood-vcss<d, x .50, naluci d i. 

This lobulated distribution of the phthisical consolidation 
is exceedingly characteristic, and even in 4hose acute 
cases, in which, owing to the rapid and extensive iiffpli^ 
cation of the lung, the consolidation may to the naked 
eye appear almost uniform (like a croupous pneumonia), 
the microscope will usually jeveal a lobular character. 
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The last method by which injuries may be inflicted 
upon the lunj^s is by means of infection. By this is 
understood the property possessed by certain inflamma- 
tory products — especiallydjy those which have become 
caseous— of exercising an injurious influence upon the 
immediately adjacent, arid also upon distant tissues,* aiyi 
so leading to the development of secondary inflamma- 
tions. (See “ Infective Inflammations.”) Phthisical con- 
♦iolidation of the lung frequently possesses, to a greater or 
less extent, this infective property, as a consequence of 
which the consolidation tends to si)read and involve larger 
areas of the pulmonary tissue ; ami also, owing to the 
absorption and dissemination of infi'ctivc ]>articles, it 
tends to cause secondary^ inflammatory processes in its 
vicinity or in more distant parts. This infective pvoi>crty 
is precisely similar to that which has been seen to exist 
in the focus of infection in acute tuberculosis; but 
whereas in tliis disease the dissemination of the 
infective particles takcis place by means of the blood- 
vessels, in the more limited processes which occur in 
phthisis it is etfected principally by the lymphatic vessels 
and serous canals. It is this more limited infection 
which gives rise to many of the nodules of induration 
which are so frequently met with in phthisical lungs, 
'rhe infective x>rocess usually supervenes upon pre- 
existing phthisis. 

'Idiero remains still one other factor which has a most 
important influence upon the causation of j^hthisis — the 
(jmeral health of the individual. That the development 
and ]>rogress of phthisis is greatly influenced by the state 
of the general health is well known. That this should be 
so, will bo readily understood if tlie inllammatoiy nature 
of the disease bo kept in view, inasmuch as, in all cases, 
the suscepl'bility of a living tissue to injury is, caeteris 
^a^ihus, greater, and the xmwer of recovering itself from 
the efl'ect of the inflammation less, the lower the standard 
of the general health. 

Vauieties op Phthisis. — In conclusion, allusion must 
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be made to the different varieties of pulmonary phthisis. 
How far is a subdivision of the disease into different 
imtlwlogical varieties admissible ? Although the \tiria- 
tions observed in the physical characters of phthisical 
luJVgs and also in the clinical history ,ot‘ the disease, have 
led to its suljjjlivision into different kinds, it appears to 
me that there are no pathologiqj^l grounds for any such 
subdivision. T’ho variations observed in the clinical 
history of phthisis and in the physical characters oj:* 
phthisical lungs arc, 1 think, mainly to bo ascribctl to 
variations in tln^ duration and intensity of the inllam- 
matory processes whicli give rise to the pulmonary con- 
solidation, and also to the parts whicli primary pulmonary 
iuHammation, bronchial inllammation, and infection, play 
respectively in the causation of the disease.* , 

* For a more complete* account of Pulmonary Phthisis, see— 
“ The Pathology of Pnimgnary Uoiisuinptioii,'’ by I ho Author, 
1H78. 
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THE rJlEPAllATION AND MOUNTING OF 
SPECIMENS. 


In this, the conclmliu" chapter, it is proposed to describe 
very bricliy the more common methods of preparing and 
mounting specimens for microscopical examination. It 
is not intended to give an account of those various and 
complex meihoils of investigation which arc required for 
minute histological research, but merely to describe those 
more easy ones which suffice in the great majority of 
cases for the recognition of the structural alterations met 
with in disease. In order to be as brief as possible, those 
ractho<ls only will be described which I believe to be the 
most readily available and at the same time to yield the 
most satisfactory results. The subject will be treated 
under the following heads: — Ist. The Examination of 
Sjjeeimens v^liiht- fresh ; 2nd. The Hardening of Speci- 
mens ; 3rd. The MaJeing of Sections; 4th. Staining; 
5th. Preservation and Mounting. 

THE EXAMINATION or SPECIMENS WHILST i'rESU. 

Very much may be learnt from the examination of 
^specimens in their fresh state before they have been 
submitted to any hardening process. The examination 
may be conducted either by making thin sections of the 
tissue with Valentin’s knife, or by cutting off a minute 
portion and tearing it to ])ieces with fine needles. The 
specimen prepared in either of these ways may be ex- 
amined in a *75 per cent, solution of chloride of sodium, 
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or in glycerine. Thin membranons structures may 
be examined by simply spreading them out in a drop of 
water placed upon the glass slide, and then covering them 
witli glycerine. 

• The method of making sections organs whilst fresh 
wiili a Valoptin’s knife is an exceedingly easy and useful 
"way of at once ascertaining injbhe post-mortem room the 
existence of the more marked structural changes. The 
knife should be well wetted with water, and then drawn 
rapldhf through the substance of the organ. The section 
tlius obtained is gently washed in water before being 
examined in saline solution or glycerine. A rough exami- 
nation of the liver, kidneys, and lungs is in this way readily 
made. 

'J’lie muscular fibres of the heart and tumours may be 
examined by the process of teasing. This process, how- 1 
ever, is usually more readily effected after the specimen 
has been kept in Muller’s fluid or in a solution of Inchro- 
mate of potash in the manner to be hereafter described. 
In the examination of tumours, much may be leanit by 
gently scra])mg the freshly-cut surface with a knife and 
examining in glycerine the elements which are thiuf sepa- 
rated. 

THE HARDEN I XG OE SPECIMENS. 

In order to make a complete and satisfactory examina- 
tion of diseased structures, it is in almost all cases neces- 
sary to submit them to a process of hardening. By this 
process they arc so altered that fine sections of them can 
be made, and the sections are also rendered more fit for 
permanent jDreservation than are those obtained from 
tissues in their fresh state. JNumerous substances havc^ 
been employed as hardening agents. Those, however, 
which are the most generally valuable are Muller's fluids 
ehroinic acitl, hiehromate of potash, and alcShoL ^ ^ 

• Muller's Fluid, — Of all hardening agents this is the 
most satisfactory and the one most generally applicable. 
It is prepared in the following way : — 


F p 
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Take of— 

Potassium Bijliroinate 2 parts. 

Sodium Sulphate I part. 

Water ^ 100 parts. 

Dissolve. 


Tho tissue should be kept, in this solution for from one to 
two weeks, and then placed in common alcohol for two or 
three days, after which it is roaJdy for making sectioii.s, 
'fho advantages of Muller’s fluid are that it alters the 
ma<*.roscopical characters of tifjsucs less than other hard- 
ening agents, aiul its penetrating powers are so great 
that it is not necessary to cut tho tissue up into small 
pieces, hut the whole organ may bo placed in it. Tho 
tissue may be kept in it longer without injury than ui 
other aqueous soliitioiiH. 

Midler's liuid is also valuable for the maceration of 
tissues which arc to bo examined by teasing— as tumours, 
muscle, «fec. Its action teiuls to facilitate the isolation of 
tho elements. 

Oltroiuic Add . — This is less generally applicable than 
the preceding. It should be used in aqueous solution — 
strength one-sixth per cent. It is important to employ 
the solution in large quantities— from six to ten fluid 
ounces for each specimen. The tissue must be cut with 
a sharp razor into small pieces — not much larger tliau a 
hazel-nut — ^before it is placed in the solution. The 
hardening is usually completed in from five to eight 
days. It is hastened by renewing the solution.- If kept 
too long in tho solution the tissue becomes brittle. All 
tissues which have been hardened in chromic acid should 
ibe placed in common alcohol for about twenty -four hours 
before sections are made. Chromic acid is preferable for 
hardening skin and mucous membranes. 

of Potash . — This agent is more gradual in 
its action than chromic acid, and produces less shrinking 
of the tissue. It is especially valuable for the hardening 
of kidney, blood-vessels, nerve-tissue, ovary, and some 
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other structures, It is often advisably to commence the 
hardening with bichromate of pota!|h, and thou to* com- 
plete it in chromic acid or common alcohol. The bichro- 
JAatc is also valuable for tlie fnaccra^ion of tissues which 
are.to be oxaniinc.d by tcasinj^ The bichromate should 
Ijc used in aqueous solution —.strength about two per cent. 

It penetrates more readily than the chromic acid, and 
consequently it is not necessary to use quite such smj^ll 
j)ieces of the tissue. The tissue must be kept in the 
solution from two to three weeks, tho solution being 
changed every four days. 

Alcohol.- -Thin is most valuable as au agent for the 
completion of the hardening of tissues which liave been 
previously placed in Miiller*s Iluid, chromic acid, or in 
bichromate of potash. T'he tissues should be kept in it • 
one or two days . Some tissues, however, appear to harden 
better if they are at once placed in alcohol ; amongst 
these arc the lymidiatic glands, spleen, and testis. (Am- 
nion (rnethylic) alcohol answers for all those pur]>0Hcs. 
Lastly, alcohol must be employed for tho hardening of 
all tissues wliich liavc been injected. Absolute alcohol is 
often necessary for the completion of hardening of many 
tissues. 

The So/fenlnfj </ Thsue>i. — Some tissues, as osseous 
structures, tumours which have become calc i lied, Ac., 
require to be softened before sections can ])o made. This 
may be effected by placing them in the onc-sixth per cent, 
chromic acid solution, to each six ounces of wliich three 
or more drops of concentrated hydrochloric acid have 
been added. 

THE MAKING OP SECT IONS. 

Although various instruments have been contrived for 
making sections, the one which answers besf is a cojpiiQAn 
mzor, or a similar blade firmly fixed in a wooden handle. 
The usefulness of this instrument is much increased if the 
lower surface of the blade be ground perfectly flat, whilst 
the upper is made slightlysconcave. 
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Hardened tissiKjjS from which sections are to be made 
must always have fir^t been placed in common alcohol, in 
the manner already described. In making the section the 
blade of the instruin,ent must be kept well wetted wit^i 
common alcohol, and the section wlien cut m\ist be placed 
at once in the same liquid^ ” 

Imheddinij , — Hardened tissues which are too small or 
to^o delicate to l»e held in the hand for the purpose of 
making sections, must be imbedded. The object of im- 
bedding is to fix the tissue in some substance which can 
not only be readily held, but which can also be easily cut 
with the section-knife. Various substances are used for 
this purpose. Of these the one which is most generally 
applicable is a mixture of white wax and olive oil. Equal 
I quantities of pure white wax and olive oil should bo 
warmed together and well mixed, and the mass when cold 
may be k(q)t to be used as required. When a specimen is 
to bo imbetlded, a small case of paper should be made* 
somewhat larger than the specimen. The edges of the 
paper can be secured with a little mucilage or with a pin. 
The mixture of wax and oil is then melted and the paper 
case filled with it. The specimen to be imbedded — wldch 
must have been removed from common alcohol — is now to 
bo slightly dried on blotting-paper and immersed in tho 
melted compound. Tho process of immersion requires a 
little care. Tho specimen should be placed upon tho 
I)oint of a fine needle, and as soon as the wax commences 
to solidify at the sides of the case, it must be dipped 
beneath the melted liquid so as to be completely covered 
by it. Tho needle must then be removed by giving it a 
gentle twist so as not to disturb the specimen. When 
the wax is cool the paper can be removed and the mass 
placed in com^ioji alcohol. Sections can be made from it 
whou eonvouient, 

STAINING. 

When tho section has been made and placed in common 
l^|<iohol, in the manner described, it is usually advisable 
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to stain it. The object of staining is to impart to the 
different portions of the tissue differcnl shades of tvlour, 
so that its structure can he moro readily recognised. The 
substances which are the mfist generally ai>plicable for 
thig purpose are logwood and carmbic. Of these, logwood 
•is the preferable, inasmuch as it not only differentiates 
most tissues moro completely, but it is a much move 
agreeable colour to work with. 

Staining with Logvjood, — ^Tho following is the method 
for preparing the logwood solution recommended by Dr. 
Klein 

Tahe of — 

Extract. Hminatox 0 grammes. 

All! men 18 grammes. 

Mix thoroughly in a mortar. 

Add gradnalhj ivli iht stirring— 

Distilled water 28 cub. cent. 

* Filter. 

To the jiltrafc add — 

Spirit, licet 1 drachm. 

• 

The solution must bo kept in a stoppered bottle for a few 
days before being used. 

For staining, several (5-10) drops are to be added to 
half a watch-glass of distilled water. The thus diluted 
solution should be filtered before being used. Sections 
which haye been removed from common alcohol are to 
be placed in the dilute solution for from ton to twenty 
minutes, and then to be washed in distilled water: 

Gradual Staining vjiih Weak Carmine, — In staining# 
with carmine two methods may be employed : —the one 
consists in using a strong solution, so as to stain rapidly; 
the other in staining very gradually with*a mucji Ig^s 
ooncentrated liquid. Of these, tbo method of gradual 
staining with weak solutions yields the moat satisiketory 
results, inasmuch as by this means the differentiation of 
the tissue is rendered mo» complete than when the colo- 
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ration is rapidly induced. The process of rapid staining 
with strong carmfiicis, however, the most convenient, and 
it yields, in most cases, sufficiently satisfactory results. 
The following is^ the /nethod for gradual staining 


recommended by Dr. Klem: — 

Take, of — « 

Powdered Oarniiiie 2 grammes. 

c Rub it up with a few drops of Distilled Water. 

Add— 

Jjiquor Ammoniiu fort 4 cub. cent. 

Distilled Water 48 cub. cent. 


Mix together with a glass rod, and filter. 

The solution to be kcj>t in a stoj)])ered bottle. 

Por staining, take one drop of the above solution, and 
add to it from nine to twelve drops of distilled water. 
Sections, which have been removed from common alcohol, 
to be placed in this from sixteen to twenty-four hourfe. 

Jta^dd Stainhifj toith Cannhic . — To stain ra- 

pidly, the sections may be placed in the above strong 
solution of carmine without the addition of water. • In 
this case the strong solution of carmine should have been 
kept exposed to the air for a sufficient length of time to 
allow the excess of .ammonia to escape. It is consequently 
advisable to have two bottles of strong carmine solution 
— one for rapid, and the other for gradual staining. 

The time required for rapid staining is fnom thirfy 
seconds to five minutes. This, however, will vary very 
considerably according to the nature of the tissue to be 
4 ^tained. A knowledge of the amount of time which 
yields the best results will be readily learnt by a little 
practice. 

J?h^ sections when removed from the carmine staining 
solution must be washed for a few seconds in distilled 
water containing one-quarter per cent, of acetic acid. 


H 
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When the section has been stained, it is ready to be pre- 
pftred for mountin" permanently. ,^J5hc two substances in 
which tissuojj are most commo^y mounted are glycerine 
and Dammar varnish. Of thc^e, the latter should be em- 
ployed in all eases in which the ])reservation of the section 
is intended to bo permanent. Many tissnos, howev(y’, 
yield more satisfactory results when examinc‘d in gly- 
cerine; but they cannot be preserved in this liquid for 
any great length of time without undergoing some 
alteration. 

The juethods of mounting in Dammar varnish and 
glycerine must be described separately. 

Moiinfing in Dammar Varnish . — When the section is 
to be mounted in Dammar — it having been filvoady 
stained and washed — it must lirst be placed in ithsoluto 
alcohol for about a (piartor of an hour. Kvom the alcohol 
it must be transferred to oil of cloves, the superiluous 
alcohol having boon first removed from the section by 
blotting-paper. In tlie oil of cloves it becomes, in a few 
seconds, quite transparent. The superfluous oil must 
be removed ))y blotting-paper, and the section is thou 
ready for mounting in the Dammar varnish. If more 
convenient, it may be kept for one or two days in the oil 
of cloves before it is mounted in the Dammar. In order 
to make the specimen still more secure, a layer of the 
varnish nSay be placed round the edge of the covering 
glass a few days after the section has been mouuted. 

The following is the method for preparing the Dammar 
varnish : — 

Take of— 

Gum Dammar in powder I oz., and diss8lve it ij;i 
Turpentine 1 5 oz- Filter. 

Gum Mastic ^ oz., and dis.solve it in Chloroform 
2 oz. Filter. 

Mix the two filtered sqjiiitions, and again filter. 
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Moiwtuifj in (Ihjciiute . — When tile section is to, be 
mpuiMted in glycerine no tnither preparation i& necessary. 
It is simply washed in distilled water and at once trans- 
ferred to a drop ot sfrong glycerine upon the slide. TIkj 
edges of the covering gla'^s must then be fastened dqwn 
with some cementing liiiuld. The Dammar varnish au-“ 
swers exceedingly well lur this pur]iose. 
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^ , in ooiinective tLssue, .‘V27 

of bone, 331 
of brain. 31)1 
of kidneys, 37r> 

,, of li\ cr, 36*9 

„ of lungs, 400 

„ of lymphatic glands, 35) 

Acute miliary tuberculosis, 277 
Adenomata, 157 

of inaniniai'y gland. 15!) 

,. of mucous membranes, i 00 

Adcuo-myxoma, J5S 
,, -sarcoma, 158 
Adii»oso tissue, atrophy of, 22 
„ growth of, 36 

Alimentary canal, lardaceous degeneration of, 82 , ,, 

Amyloid degeneration, ace “ Lardaceou.s degeneration" 
Ansemia, local, 203 
splenica, 244 
Angiomata, 151 
Aiieuvibni, from arteritis, 338 
„ embolism, 236 
Arteries, atheroma of, 3,‘)6 
. • calcification of, 88 

fatty degeneration of, 51 
„ inflammation of, 336 

in chronic Bright's disease, 388 
in syphilis, 317 
terminal, 204 
Atheroma, 3^36 
Atrophy, 22 

causes of, 24 
namerical, 23 

„ physical characters of, 28 

,, simple, 22 

of adipose tisi^e, 22 



446 


INDEX. 


1:)ACTER1A, 304 
^ Blood, aa cause of disease, 2 

• „ alteration of* in malignant growths, 109 

,, ante-mortem coagulation of, see “ Thrombosis*^ 

„ iK)at-mortcm coagulation of, 223 
Blood-corpuscles, aa soiircG oF new formations, 1 1 3 
„ as source of pus, 26*5 

„ emigration of, in indammatiolh, 253 

■ „ exiulatio# of, in mechanical hypenemia, 21 1 

Blood-cysts, 175 

Jllood-vcssels, calcification of, 88 

„ ^ changes in, in inflammation, 263 

„ „ in local ainemia, 204 

„ fatty degenei-ation of, 51 

„ inflammation of, 336 

,, lardaceoua di‘gciicration of, 72, 76 

„ now formation of, sec “Angiomata’* 

Bone, atrophy of, 2JI 
„ caries of, 332 
„ inflammation of, 3.'K) 

„ necrosis of, 332 
,, sclerosis of, 331 
Brain, abscess of, 391 
„ embolism in, 241 

,, fatty degeneration of, set “Cerebral softening.** 

„ inflammation of, 390 
„ inflammatory softening of, .391 
„ softening of, from embolism, 241 
,, red softening of, 62, 241 
„ sclerosis of, 392 
thrombosis of, 240 
„ tubercle of, 289, 291 
„ white softening of, 61 
„ yellow softening of, 61 
Brown atrophy of heart, 58 

induration of lungs, 215 


I^ACHEXIA, cancerous, 107 
^ Calcareous degeneration, 84 

„ „ of arteries, 88 

•Cancer, see “ Carcinoma’* 

Capillaries, fatty degeneration of, 53 
Carcinoma, #78 
* ‘ adenoid, 194 

blooibvessels of, 181 
cells of, 179 

clinical characters 195 
colloid, 188 
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Carcinoma, development of, 181 

„ encephaloid, 187 

„ epithelial, 190 

„ lymphatics of, iSl 

„ melanotic, 1^ 

„ f»steoid, 184 ^ « 

„ scirrhus, 184 

, secondary eluftiges in, 183 

„ stroma 1«S0* 

„ structure of, 178 
„ varieties of, 184 

Carcinomata, 178 
(Tories, 332 

<'armine for staiiiiii", 430 
Cartilage, erosion of, 321 

„ inilammatioD of, 320 

Caseation, 49 

,, of products of scrofulous inflammation, 274 
of tiihcrcle, 286 

Caseous masses, patliological significance of, 30 
Catarrli, 337 

<V11, as seat of nutrition, 3 
„ defiuitioii of, 12 
,, limiting membrane of, 7 
,, nucleus of, 8, 9 
,, 7, 9 

(.^clls, coustitutioii of, 6 
,, genesis of, 10 
,, “ indifleront,'* 114 

„ multiidi cation of, 10 
„ i»hysiology of, 8 
Cell- wall, nature of, 7 
(-erebral softening, 39 
Oicatneial tissue, 327 
Cirrhosis, biliary, 372 
,, of liver, 370 
Clot?, ante-mortem, 224 
„ post-mortem, 223 
Cloudy swelling, 238 
Colloid cancer, 1 88 

,, degeneration, 63 
„ of muscle, 66 
Condyloinata, 135 
Congestion, sec “ Hypenemia'’ 

Connective tissue, fatty infiltration of, 36 
„ „ inflammation of, 324 

„ „ sujjpuration of, 327 

Cornea, inflammation of, 322 
Corpora amylacea, 82 


j 
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Coi*l)uscles, exudatifjii, 47 
Croup, 302 
( Vstic-sarconijf,* 1 (m 
Cysts, 198 ♦ 

,, classili cation of, 201 

„ modes of o|igin ofj 198 

,, secondary changes in, 200 
„ structure of, 199* 

D ammar varnish for mounting, 441 
Degeneration, 32 

» amyloid, sf£? “ Lardaceou s'’ 

calcai’coiis, 84 
,, ca«ises of, 33 

collohl, 04 
fatty, So 
larilaceoiis, 08 
,, imie(»i(l, (i3 

,, pigmentary, 

Diphtheria. 3(i2 
Disease, deiiuitioii of, ! 

Dysentery, 302 

L^M HOLISM, 232 

„ as cause ofanoniisiii, 

ill brain, 241 
„ results of, 230 

Emigration of white blootl-corpuscles iiiiiiilaiuinatiou, 253 

Kiuphyseiiia, 30 

Euct}])haloid cancer, 187 

Enchoiidrornata, 1 30 

Knchoiulrosos, 132 

Endocarditis, «'U1 

„ amitc. 343 

chronic, 345 
ulcerative, .344 
Epithelioma, 190 

„ cylindrical, 194 

Epulis, 126, 175 
Exostoses, 136 
Exudatiou corpuscles, 47 
Exudation in inllainination, cause of, 263 

„ '' of liquor sanguinis in infiamuiation, 255 

in mechanical hypera'mia, 210 

L^AT, absorption of, 49 

„ as cause- of embolism, 233 
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Fat, source of, in fatty degeneration, 35 
,, ,, ,, iiitiltration, 4Qii 

Fatty dcgeiieratitjij, 35 • 

,j ,, causea of, 30 

,, ,, of arterife, 51 

,, ,, of brain, 5D • * 

• ^ of capill^'ics, 53 

,, ,, of heart, 55 

,, ,, of kabiej^, 58 

,, ,, of muscle, 54 

,, infiltration. 40 

,, ,, of connective tiaaue, 30 

,, ,, of ]u‘art, 4‘2 

,, ,, of liver, 43 

,, ,, of muscle, 41 

Eibroul induration, as icault of inJlammaiion, 1208 

,, ., ,, of mechanical liypera inia, *2 r. 

,, ,, ,, of syphilis, 312 

,, ,, of heart, 34G 

i ibroinata, 124 

Fibroplastic tumour, sec Sarcomata, spiiicllc-ccllcd.'* 


AN(i b I'i M*€ '' Necrosis” 
senile, 21 

<.icnc»is of » t lla, 10 
.iiant cells, 282 
tilioina, 172 

Oloiiu'i ulo'Ucphiitis, 384 
"iJluge, cor]niscles of, 47 
b'cy degenera tiou, 302 
ummata, 313 

H ^EMAT01I>1N, 00 

ll»niorrhagio infarct, 238 
Heart, brown atrojiliy of, 58 
,, changes in pyrexia, lOI 
,, Fatty degeneration of, 55 
,, ,, iiihltration of, 42 

,, fibroid induration of, 340 
,, inflammation of, 341 
Heterology, 116 
Hodgkin’s disease, 146 
'Homology, 1 16 
Homs, 155 
, Hypereemia, 205 

active, 205 

,, as cause of new growth, 103 

,, mechanical, 208 

,, of liver, 213 # 
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Hypera^mia of Inngs, 215 

M poat-i^ortein appearances of, 216 
Hy^Kirplasia, 105 
Hyper troi)hy, 105 


1 NFARCT, 23vS 
Infiltrations, .34 
Infiltration, latty, 40 
I II H animation, 2r>0 

,, aoiito, 267 

,, altoratioiis in nutrition in, 257 
, , ir as c^ae of necrosis, J 4 
,, causes of blood-stasis in, 261 
,, cliangt's ill the blood-vessels and circulation 

- * in, 2.“il 

,, chronic, 268 

,, croupiuis, 850 

,, diphtlicritio, .359 

,, emigration of ml blood -corpuscleg in, 254 

j* ,, of white hlood-corpusclcs in, 25,3 

, , exudation of liquor sanguinis in, 255 

,, fibrinous, ^159 

, , formation of pus in, 204 

,, iiliopatliic, 270 

,, infective, 270 

,, scrofulous, 274 

,, specific, 271 

,, st'isis in, 25.3 

,, terminations of, 27 1 

,, traumatic, 270 

,, varieties of, 2(57 

,, of arteries, .386 

,, of blood vessels, 886 

,, of bone, .380 

„ of brain and spinal cord, ,390 

,, of cartilage, 820 

of commem connective tissue, 324 
,, of c<»rnea, 822 

,, of heart, 841 

,, of kidneys, 375 

,, of liver, 869 

,, of lungs, 895 

,, ^ of lymphatic structures, .350 

( ), of niucons membranes, .*157 

,, of serous membranes, 865 

,, of veins, 8,39 


niatoi^ new formations, nature of, 104 
,, fever, aee ** Surgical fever” 

„ stasis, 253 * 
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Interstitial hepatitis, .‘170 
’ ,, nc[ihritis, 385 
,, piiouinoiiia, 407 
Intestine, larJaeeoiis degeneration of, SI 
,, tuberculosis of, 

,, typhoid ulceration of, .Si/ 

• • 

1/ [DNKY, .abscess of, 375 ^ 

,, fatty dcgeueratioii of, 58 

,, iiilJammation of, ,S75 

,, iiiteralitial nepliritis, 385 ^ 

lanhwcous tlegenerationijf?’, 7i> 
,, lenkuaiiic growth in, lill) 

,, surgical, 370 

, , scarlatinal nephritis, 3S3 

,, sii])pnrative lu'jiliritis, 375 
,, tiil)al nepliritis, 379 


T AUDACEOUS degeneration, OS 

,, ,, of alimentary canal. 81 

,, ,, of kidneys, 70 

,, ,, of liver, 74 

,, ,♦ of lympljafcie glands, SI 

,, ,, of spleen, 79 

,, snl)Stancc, nature of, 0!1 

,, ,, reaetioii.s of, 70 

,, source of, 73 

Leucocytosia, 213 
Lcukiiujiia, 243 

JiGukainic growths in kidney, 210 
,, ,, in liver, 218 

,, „ in lymphatic glands, 217 

,, ,, in spleen, 247 

Lipomata, 128 
Liver,^b.scoss of, 309 

,, acute indain Illation of, 300 
,, acute yellow atrophy of, .374 
,, changes in, in pyre.sia, KH) 
cirrhosis of, 370 


,, fatty iutiltratiou of, 43 
,, lardaceous degeneration of, 71 

,, leukieroic growths iu, 248 

,, nutmeg, 213 
,, syphilitic growths in. 318 
Logwood for staining, 439 
1, lings, abscess of, 400 
,, broncho-pnemuonia, 401 

,, brown induratioi# of, 215 
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Lungs, catarrhal pneumonia, 401 

, , cirrhosis oi^see ‘ ‘ I Jiterstitial Pneumonia. ’ ’ 
croupous pneumoifta, :I{)5 
„ emphysema of, 30 
„ gangrene of, 400 ^ 

,, inilammation hf, 305 
,, interstitial pueumoui 407 
,, pigmentation of, 04 
,, phtluHis, 415 
,, tu))erculosis of, 205 
Etyinphadenoina, xiP “ Lymphomata.** 

Lymphatic '^aRiS^li^flaiJiniation of, acute, .3.50 
f> >, „ chronic, .‘151 

1 , ,, lanlaceous degeneration of, 81 

iV ^ n leukaunu* grow Ilia in, 247 

,, iiou-iufiaiiiraatory enlargement of, ^ef 
“ Tjymphoinata ” 

,, ,, acrofuloim, .*1.52 

,, ,, tiihcreiilosia of, 202 

,, fcitructures, lutUimmation of, in typhoid fever, 352 
Lymphomata, HI 
J ^y inph o- .sarcoma, 1 4 1 


•jUALKJNANrY, 118 

,, cachexia as evidence of, 107 

,, different degrees of, 1 10 

,, multiplicity .as cvnlcnce of, 108 

, , recurrence after removal as evidence of, 1 OS 

,, secondary growths as evidence of, 108 

Maiiimary gland, a<leuotna of, 150 

,, adeno- fibroma of, 1.50 

,, adcno-sarcoma of, 1 .50 
,, ,, cystic-sarcoma of, 100 

,, ,, scirihus of, 185 

Mclanamiia, 0.*1 
Melanin, 02 
Melanotic cancer, 184 
,, sarcoma, 108 
Melanosis, sie “Melanotic .Sarcoma.’’ 

Meningitis, tubercular, 280 
Metamorphoses, 33 
MoULties ossmm, 333 
MoIImacuih iibrosum, 120 
Mortitication, sec “Necrosis.” 

Afuiiuting of 8i)ccMmcn.s, 441 

Mucoid degeneration, 63 

Mueous membranes, adenomata of, 160 

I, ,, catarrhal is ^ammation of, 357 
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Mucoua membranes, croupous inilammation of, SoO 
,, tibrinous iutlammatiou, :)59 

,, tubercnftsis of, 293 

Muller’s Huid, 435 
Miimmili cation, 17 • 

Muscle, fatty degeneration of, ^ 

„ ^f.atty inbltration 41 
,, ^ ill typhoid fever, (U> 

Myeloid tumour, 173 * 

Myelitis, 391 
Myocarditis, 345 
Myomata, ^49 
Myoma of uterus, 150 
Myxomata, 138 


^EijRoniosrs, 24 
Necrosis, 13 

, , causes of, 1 3 

,, evidences of, 10 

,, term. nations of, 20 

Nephritis, see. “ liiflairiniatiou of Kidney.” 
New formations, 103 
Nervous system, as cause of atro]>hy, 28 
,, ,, ,, disease, 3 

Neuromata, 150. 

Nucleoli, 8 
Nucleus, 8 

,, function of, 9 
Nutrition, arrested, 13 
„ definition of, 2 

, , impaired, 22 

,, iiicrcviscd, 103 


r\STKOMALAClA, 333 
• Osteomata, 135 
Osteo-ch ondroina, 1 32 
Osteoid, sarcoma, 170 
Osteophytes, 130 


PAPILLOMATA. 153 
^ Periostitis, 331 
Pia mater, tuberculosis of, 289 
Plilegmasia doicns, 230 
Phthisis, pulmonary, 415 

„ „ “ colliers’,” 96, 410 

,, „ etiology of, 429 

„ „ #hi8tology of, 416 
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Phthisis, pulmonary, older doctrines respecting, 41 J 
• „ -j pathology of, 4‘25 

,, ,, '' tubercle in, 41 

,, ,, varieties of, 432 

I'igiiieiit, soiir^ic of, ^,) 

Pigmentary degeneration, 89 
Pigmentation, false. 

,, of hiipjjs, 94 

,, of sputum, 95 

Pneumonia, brojiclio or catarrhal, 401 
.. ^ crounous. 3‘)5 
''^jpostatic, 40fi 

/'■ ,, interstithil or chronic, 407 

^rost -mortem staining, 18 
Prtitopl.ism, 7, 9 

,, coagnlati(»n of, after death, 20 
Psamiimma, 127 
l*!is, cl)aracteis of, 204 
,, origin of, 2 (m 

Pulmonary phthisis, .w “ Phthisis, pulmonary” 
Pyjemia, 302 

,, pathology of metastatic abscesses in, 310 
,, relation of, to septic.-emia, 309 
J'yrcxia, tissue changes in, 99 


i:)E(}ENKKATTON, 103 
UieUets, 334 
Kigor mortis, IS 

,, ,, iiatiiic of change in muscle ill, 19 


“ C AGO si>leon,” 79 
^ Sarcomata, 102 

,, alveolar, 173 

,, clinical characters of, 

,, e>’stic, lOo 

,, melanotic, lOS 

„ luyeloiil, 173 

,, osteoid, 170 

,, ronnd-cellotl, l7l 

,, spindle-celled, 106 

Scaiiatiua, kidney changes in, 383 
Scirrhus cancer, 184 
Sclerosis of bone, 331 
„ of nerve, 392 
Scrofulous inflammation, 274 
Senile gangrene, 16 
Septicromia, 3C12 ^ 
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Septicaemia, bacteria in, 304 
' ,, nature of })oi6on, 304 • 

,, relatiiJii to pyjriftia, 309 

Serous efTiisioii, aa result of iiiilaitimaiion, 255, 2(i0 
,, ,, j, o# nieclianical hypera'mia, 210 

Serous membranes, ijiOaiumatjpfl of, 3(i5 
Sloui^b, separation of, 20^ 

Spcciifteiis, exaiuiiiatidii of, whilst fresh, 434 
,, h:u*ileniiig of, #35 

,, imbedding of, 43S 

,, making sections of, 437_ • 

,, nioiiiiting of, 411 

,, jjreservatioii and moimting of, 44 

,, sol telling of, 437 

,, staining of, 438 

Spinal cord, inilammatioii of, 390 
,, aeloroaia of, 302 

Sjilecn, lardaetMMis degeneration of, 70 
J, 4euk;einic, 247 

,, in typlioid fever, 352 

Splenic anaemia, 244 
Staining of .sections, 438 
Suiipu ration, 2b4 
Syphilis, 312 

,, arterial ehangea in, 317 

,, iil»roid»rIjajigea in, 312 

,, gunitnata in, 3)3 

,, nature of lesions in, 312 


T"HH0M110SIS, 218 
“*• ' ,, eausca of, 218 

,, results of, 228 

Thrombus, 224 

,, organisation of, 224 

, ,, softiuimg <»f, 227 

IVaumatic fe\’er, 302 
Tumours, 100 

,, clasaillcntion of, 123 

,, constitutional preiliapo.Hing cause.s of, 106 
, , develo]uneiit of, 1 1 2 

,, direct exciting causes of, 111 

,, etiology of, 106 ^ 

,, origin of, from emigrant cells, IDO # • 

,, relation of, to the surrounding tissues, 117 
,, retrogressive changes in, 118 

Tubercle, 277 

,, histology of, 282 

,, in pulnioiiail^ phthisis, 416 
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Tulwrcle, oldei doctrioes roapecting, 277, 415 
Tuberculosis, A:ute, 277 
* „ artihcial production of, 278 

„ gi vnt cells in, 282 

,, infective 6atuie of, 278 

,, liiuitipd to single oigans, 287 

,, nature of lesions in, 281 

„ of lungs, ^)5 

, of lymph itie glands 292 

, of mucous mtmbiaues 295 

»» ^pia mater, 289 

fflJkrce of infection in, 280* 
Tul^ciilai mdiingitia, 289 
TyytKud fever 1V2 

mubciilai change in 6b 


TTLOKRATION, tubcicular, of intestine 2^^4 
,, typhoid, of intestine, 354 ♦ 

T^terub, myoma of, 150 

VACUOL \A ION, 11 
“ Vtiiifi, inlUmmAtion of, 339 


WAllTS, 15^ 
Wens, 126 
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